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Department ok the Intekiok. 
United States Geological Survey, 

Dt sion ok I'rk-Camhkian ani> Mktamokhuc Geology. 

Madison, !»'»*., June 1M>2. 

Sue I have the honor to transmit herewith the manuscript of a mon- 
ograph on The Meaabi Iron-bearing District of Minnesota, by Charles 
Kenneth Leith. Discovered only about ten years ago, in the early nineties, 
the Mesubi district has to-day no rival in its production or reserve of iron 
ore. The geological succession in the district, the unusual size, shape, and 
structure of the ore bodies, their manner of development, and the ]>eculiar 
and rapid methods of exploitation of the ore. all present features of unusual 
scientific and economic interest. 

This monograph is one of a series planned to treat the six iron-bearing 
districts of the I^ake Superior region. Monographs on the I'enokee- 
Gogebic, Marquette, and Crystal Falls districts have been published, in the 
order named. This, on the Mesa hi, is therefore the fourth. The last two 
of the series treat of the Vermilion and Menominee districts. The former, 
by J. Morgan Clements, is ready for the printer, and the latter, by W. S. 
Bayley, is Hearing completion. 

The execution of the full plan of the old Lake Superior Division of the 
United States Geological Survey will be marked by the publication of a 
closing monograph entitled The Geology of the Lake Superior Region, 
which will contain a general discussion of the geology of that region, 
including a summary treatment of each of the iron-bearing districts, and a 
general discussion of the ore de]K»sits. This monograph is in preparation. 
Very respectfully, your obedient servant, 

C. H. Van Hisk, 
Geologist in Clutrtn 

Hon. Charles D. Walcott, 

Director of United States Geohf/iad Surrey. 
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Chapter 1 contains u general account of the geography, topography, and 
geology of the Mestlii district. The district lies northwest of Lake Supeior and 
extends from near Grand Rapids, on the Mississippi River, a little north of east to 
Birch Lake, a distance of approximately lno miles. Its width varies from 2 to In 
miles, and the total area is about 4m square miles. The main topographic feature is 
a ridge, known as the Giants (or Mesabi) range, which extends the length of the 
district The geologic formations represented in the district lielong. in ascending 
succession, to the Archean, Lower Huroniau, Upper Huronian. Keweenawan. 
Cretaceous, and Pleistocene. They are all separated by unconformities. The core 
of the Giant* range is formed hy Archean and Lower Huronian rocks, except for 
the portion in ranges 12 and 13. whore Keweenawan granite forms the core. On 
the south flank rest the l*pper Huronian rocks, containing the iron-hearing 
formation, with gentle southerly dips. The Keweenawan galtbro lies diagonally 
across the east end of the district. The Cretaceous rocks are found in small isolated 
patches in the western portion of the district. Pleistocene drift forms a more or 
lejss heavy mantle over all the underlying rocks. 

In Cliapter II is given the history of early explorations, discovery of ore, and 
the marvelous economic development of the district, together with summaries of 
literature on the geology of the area. 

Chapter HI treats of the Archean rocks. They consist priucipally of green 
rocks of great variety, including dolerites. mctadolorites, Iwsalts, metabasalts, 
diorites, and hornhlendic. micaceous, and chloride schists. The more massive rocks 
frequently have an ellipsoidal structure which is characteristic of the green igneous 
rocks of other parts of the Lake Superior region. In addition to the green basic 
rocks there are present small ureas of granite and |x>rphyritic rhyolite. 

In Chapter IV the Lower Huronian series is described. The series consists of 
sediments and granite. The sediments are graywackes. slates, and conglomerates, 
all metamorphosed, with bedding and schistosity practically vertical. They may 
he as thick as 1o,inm> feet, but it is thought more probable that the thickness does 
not exceed , r i,iHN> feet. The Lower Huronian sediments rest unconformably upon 
the Archean rocks, as shown by husal conglomerates containing fragments of all 
the varieties of rucks found in the Archean. Previous to the work done in con 
ncction with the prejmration of this monograph, the presence of the I^iwer Huronian 
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scries of sediment* had riot l*j«n determined, but everything beneath the Upper 
Huronian or Animikic had lieen mapped a* Keewatin or Archean. The Lower 
HuroniHn granite forms the main mass of the Giant* range westward from a point 
near the east line of R. 14 W. It is intrusive into both the Archean rockn and the 
Lower Huronian sediments and has produced strong exomorphic effects in l»th. 

Chapter V contain* an account of the Upper Huronian series, of importance 
because it includes the iron-bearing formation. The series consists of three forma- 
tions—the Pokegama quartzite at the base. above this the Biwabik formation (iron- 
bearing), and above this the Virginia slate. 

The Pokegama quart/ite (Section I) comprises vitreous quartzitc, micaceous 
quartz-slate, and conglomerate. The thickness ranges fmm o to .■><*> feet, averaging 
about 2"0 feet. The conglomerate at the l«se indicates unconformable relations of 
the Pokegama formation to the Arctium and Lower Huronian rocks. 

The Riwabik formation (Section II). the iron-bearing formation, comprises 
ferruginous, amphibolitic, sideritic, and calcareous cherts, siliceous, ferruginous, 
ami amplii))olitic slates, paint rocks. " greenalite v rocks, sideritic and calcareous 
rocks, conglomerates and quurt/.ites, and iron ores. All but the last are dcseritied in 
this chapter. The iron ores arc reserved for description in Chapter VIII. Cherts 
make up the bulk of the formation. The original rock of the formation is shown to 
consist largely of minute granules of green ferrous silicate, thus continuing Spurr's 
conclusion. The material was culled glauconite by Spurr. but is here determined to 
be a hydrous ferrous silicate entirely lacking potash, and thus not glauconite. It 
is named "greenalite'* for convenience in discussion. The chert* and iron ores are 
shown to develop mainly from the alteration of the greenalite granules. The slates 
are in thin layers interbedded with the other phases of the iron formation. The 
paint rocks result from the alteration of the slates. The conglomerates and quartzitcs 
form a thin layer from a few inches to perhaps l'i feet or more in thickness at the 
l»ase of the formation. They pass upward into ferruginous cherts of the iron 
formation rather abruptly, though usually at the contact the chert and quartzitc are 
interleaved for a few feet. The conglomerate of the iron formation rests upon 
Pokegama quartzitc, indicating a slight erosion interval Iwtween the Biwabik and 
Pokegama formations, although the interval is not shown by discordance in bed- 
ding, which is parallel in )>oth. Heretofore the quartzite and conglomerate in the 
iron formation have not been discriminated from the rocks of the Pokegama 
formation. In the eastern portion of the range the iron formation is in contact 
with the Keweenawan gabbro and granite, and near this contact has suffered pro- 
found metamorpbisni. The characteristic rocks of this area are amphibolc-mng- 
netitecherts. The thickness of the formation may vary from jJOO to 5>,«nh.i feet. 
The average may be i,imm> feet. 
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The Virginia slate (Section 111) is essentially a soft slate or shale formation. but 
it contains graywacke phases, near its base a little limestone, and near its contact 
with the gabbro is metamorphosed into a cordierite-horofels. The normal slate 
phases of the formation may be distinguished with difficulty in isolated occurrences 
from the slate layers in the Biwabik formation. The separation of the two is of 
imix>rtance to the explorer, and hence an attempt is made to determine criteria for 
their discrimination. The thickness of the Virginia formation can not Ik> measured 
within the district, hut from analogy with the Penokec-Gogebie district and the 
extent of the low. flat-lying area south of the Mesabi range supposed to be occupied 
by the slate, the formation is believed to have a very considerable thickness. The 
slate grades, lx>th vertically arid laterally, into the Biwabik formation. 

The structure of the I'pper Huronian scries is described in Section IV. The 
entire series is well licdded. conformable in structure (although having a thin 
conglomerate lietwcen the liiwahik and Pokeganiu formations), and dips in southerly 
directions at angles varying from . r > to :.'«> degrees and exceptionally at higher or 
lower angles. The series is gently cross folded and the axes of the cross folds 
pitch in southerly din-ction*. Accompanying the folding is considerable jointing, 
especially in the brittle Pokegama ami Biwabik formations. Indeed, in these two 
formations the folding is brought about mainly through relatively minute displace- 
ments along joints, while in the Virginia formation the folding has taken place 
mainly by the actual bending of the strata. 

The thickness of the I'pper Huronian series (Section V) within the limits of 
the district mapped may average, ulwut 1,;"»ih» feet; but if the total thickness of the 
slate formation outside the limits of the district l»e taken into account, the total 
thickness of the Upper Huronian series is prolmhlv several times this tigure. 

The relations of the Upper Huronian series (Section VI) to the subjacent for- 
mations are those of unconformity, us evidenced by lusal conglomerates, discor- 
dance in dip, difference in amount of deformation and metamorphism, distribution 
of the series, and relations to intrusive*. 

In Chapter VI the Keweenawan. Cretaceous, nnd Pleistocene rocks are 
described. 

The Keweenawan rock* (Section I) consist of gabbro. diabase, and gninite, all of 
which are intrusive into the rock* witli which they come into contact. The north 
edge of the gabbro runs diagonally across the east end of the district from south- 
west to northeast, resting upon the edges of each of the mcml»crs of the Up]ier 
Huronian series, and at Birch Lake against the Lower Huronian granite. North 
of the gabbro margin in range 12 are isolated exposure* of diabase which may 
represent sills a-ssociatcd with gabbro intrusion. The granite forms the crest 
of the Giants range through ranges 12 and 13. This granite has not heretofore 
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been discriminated from the Lower Hiironian granite. The exomorphie effect 
of the gabbro and the granite upon the Upper Huronian series has been profound. 

Cretaceous rocks (Section II) me found in a few isolated renmuiitw in the western 
]M>rtion of the range. They consist of conglomerate and shale, and contain fossils 
showing them to belong to the Upper Cretaceous— not older than the lienton and 
prolmhly not younger than the Pierre horizon. 

The Pleistocene deposits (Section III) form a heavy covering over the district 
On the upper *lo|>cs of the range many rock exposures project through, but on the 
lower *lo|>e* the rock series are commonly buried to depths ranging from W> to 150 
feet. The glacial deposits consist of stratified and unstratitied drift, l>clonging 
principally to the Itasca and Mesabi moraines of the latest ice incursion. Tho 
movement of the ice was mainly from northeast to southwest, as shown by glacial 
stria 1 . Several remarkable, steep-walled gorges through the crest of the Giants 
range at high elevations are Micved to be the work of glacial streams escaping 
from a great lake ponded between the Giant* range and the ii-c front when the 
glacier had drawn back north of this area. 

Chapter VI 1 contains a resume' of the geologic development and a correlation 
of the format ions. The resume" of geologic de velopment is itself a summary nnd 
will not Imj here repeated. The essential feature of the correlation is the equivalence 
of the Archcan, Lower Hiironian. Upper Huronian, and Keweenawan series with 
similar series in other [tarts of the taikc Superior country. Prior to the work in 
the Mesabi district done in connection with the preparation of this monograph, 
everything below the Upper Huronian (or Animikie) had l>een mapped as Archean 
or Keewatin. The work of the Survey has shown the supposed Archean or Keewntin 
series to consist of two series, an igneous one below and a sedimentary one al>ove, 
separated by a profound uncom fortuity, to be coiTelated respectively with the 
Archean and Lower Hiironian series of other parts of the Lake Superior region. 
The remarkable similarity of the Upper Huronian series to that of the Penokee- 
Gogebic district is again emphasized and the probability of their ureal connection is 

d'wussed. 

Chapter VIII is a description of the iron-ore deposits. The features treated are 
distribution, shape, size, kinds, minerals and rocks contained in the ore. chemistry, 
texture and structure, rocks forming the bottoms and sides, structural relations of 
the ores to the adjacent rocks, petrographic relations of the ores to the adjacent rocks, 
and drainage. The ores are in basin-shaped dc|>osits. with great variety and irregu- 
larity of sIiujm'. but the horizontal dimensions are usually great as compared with the 
vertical dimensions. At the edges the layers of ore grade directly into the layers 
of wall ruck. princi|«ally ferruginous chert. The deposits lie. for the mast part, near 
the axes of gentle troughs formed by the folding of the iron-formation strata, but in 
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many cases the strata in the ore and adjacent rocks have essentially monoclinal dip*, 
indicating the deposit to l>e independent of a synclinal structure in the iron-forma- 
tion layers. 

Chapter IX contains a discussion of the origin of the ores. The ores arc shown 
to develop mainly from tho alteration, under .surface conditions, of green ferrous 
silicate granules, as first pointed out by Spurr. The green granules, however, 
instead of being glauconite, as maintained by Spurr, are believed, from their lack of 
potash, to be of different nature, and have been given the name greenalite. Their 
development is believed to be analogous to that of the iron carbonates of other ports 
of the Lake Superior region. That is, the iron was carried to the Upper Huronian 
ocean in solution, probably as carl>onaU\ was precipitated as ferric hydrate, was 
buried with the vegetable material and reduced to the protoxide form, and was then 
combined with silica to form ferrous silicate. In the Gogebic district, where silica 
was not present in so great abundance, the protoxide combined for the most part 
with carbon dioxide to form iron carl>onate. The shapes of the granules may l<e 
due to replacement of minute shells, such as those depositing glauconite or those 
giving shape to the granules of much of the Clinton ore. 

The secondary concentration of ore into deposits has resulted from the surfai-e 
alteration of tho ferrous silicate (greenalite), under essentially surface conditions, 
since tho iron formation was first exposed to weathering. The process has consisted 
essentially in the decomposition of the ferrous silicate, the oxidation of the protoxide 
of iron to hematite or ferric hydrate, and the segregation of the iron and silica. 
Where this has occurred on a small scale, banded ferruginous cherts have resulted; 
where on a large scale, the iron-ore deposits have l>een formed. During the change 
both iron and silica have been carried in solution. At the present time waters flowing 
through the altered portions of the formation are concentrating ore by the solution 
and abstraction of silica, but little iron lieing carried in solution, as shown hf analysis. 

The localization of the ores by circulation of underground waters is described in 
detail. The ores are shown to develop both above and Iwlow ground water, to have 
been concentrated on impervious basements consisting of slaty layers in the iron 
formation, which have limited the circulation ImjIow, and to have been in |>art confined 
to troughs formed by the folding of such impervious strata and in part independent 
of them. They have, in short, developed in the irregular and ramifying channels of 
water circulation in gently dipping, much jointed strata. Finally, the apparent lack 
of ore deposits in the iron formation far under the edge of the Virginia slate is 
shown to be due to sluggish circulation under the slate because of the ponding of 
water under that im])ervious formation. 

In the eastern portion of the range the iron oxide is mainly magnetite, associated 
with amphiholitic chert, and has not yet been found in large enough deposits to 
mon xuu— 03 2 
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warrant mining. The explanation of the nature of the oxide and of the absence of 
ore deposits in this portion of the district is found in the presence of the Kewee- 
nuwan intrusive*. Prior to the Keweenawan intrusions the iron formation in the 
eastern end of the district had been exposed to erosion by the removal of the over- 
lying Virginia slate. In the central and western portions the slate hud not been 
removed. When the Keweenawan rocks were intruded the iron-formation rocks of 
the eastern end of the district were brought under deep-seated conditions, during 
which the changes in the original greenalite rock were those of partial oxidation and 
siliciliration, resulting in the production of umphihole-magnctite rocks. These rocks 
are stable and have not been considerably altered since their exposure to surface 
alterations by the erosion of the Keweenawan rocks. The rocks of the iron forma- 
tion in the central and western portion of the district were not exposed to weathering 
agencies until after Keweenawan time, when the Virginia slate had l>een removed by 
erosion, and thus were never metamorphosed by the gabbro. Their alteration has 
I teen throughout under surface conditions, where abundance of oxygen and carbon 
dioxide makes possible the complete oxidation of the iron and the removal of silica 
on a large enough scale to cause the concentration of the ore bodies. 

During the development of the iron-ore deposits erosion has continuously cut 
down the iron formation, and, because of the gentle dip of the strata, this truncation 
has been accompanied by the downward ami latend migration of the ore deposits. 
The deposits in their present |>osition may be supposed to represent simply a stage 
in the process of concentration and migration, (ilacial erosion has also cut down 
the ore deposits to a considerable extent. 

The phosphorus in the ores is shown to lx> a concentration and not a residual 
product. The original greenalite rocks contain little or no phosphorus, while their 
altered equivalents, the ores and cherts, uniformly show small contents of phos- 
phorus. The unaltered iron-formation slates also contain a lower percentage of 
phosphorus than their altered equivalents, the paint rocks. 

The points of similarity and difference between the Mesabi ores and those of 
other I^ake Superior ranges are briefly summarized. 

Previous explanations of the origin of the ore are outlined and their relations to 
the present explanation shown. 

Chapter X is devoted to economic features of interest, such as mining, trans- 
portation, production, reserve, ownership, prices, etc. The open-pit steam-shovel 
method of mining, characteristic of the district, is illustrated. 

In Chapter XI exploration for ore is discussed and an attempt is made to give 
the criteria for locating explorations which the geologic structure and manner of 
development of the ore would seem to warrant. 
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THE MESABI IKON-BEARING DISTRICT, MINNESOTA. 



By Charles Kenneth Leit'h. 

CHAPTER I. 

INTRODUCTION. 

The following monograph tells of the geologic and economic features 
and of the sudden and gigantic development of the Mesabi iron-bearing 
district of Minnesota, the sixth, last, and greatest of the iron ranges to be 
discovered in the United States portion of the Luke Superior region. 

The writer's work upon the district has been done under the super- 
vision and advice of Prof. C. R. Van Hise, geologist in charge. To him 
is due in large measure any credit this report may deserve. Indeed, the 
work has been largely the application in this district of principles and 
methods of work developed by him. 

Field work in the Mesabi district was begun in the spring of 1900 and 
continued during the summers of 1900 and I'.XJl. In the year 1901 M. H. 
Newman served as field assistant. Near the close of the field season of 

1900 Professor Van Ilise spent some time in the district Immediately 
thereafter he and the writer prepared a brief preliminary report on the 
district, accompanied by a geologic map of the central portion, which was 
published in the Twenty-first Annual Report of the United States Geo- 
logical Survey, as a part of a general paj>er on Luke Superior iron-ore 
deposits, by Professor Van Ilise. At the close of (he field season of 

1901 the preparation of the final report and maps presented herewith was 
taken up. 

The topography of the Mesabi district shown on the accompanying 
maps was sketched during the summers of 1899 and 1900 by a party of the 
United States Geological Survey consisting of E. C. Bebb, I). L. Fairchild, 
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Louis B. Weed, and assistants, in charge of Mr. Bebb. Much information 
concerning 1 section, town, and range lines and the subdivisions of sections 
lias subsequently been furnished by Mr. D. L. Fairchild, who has had 
charge of parties engaged in locating the boundaries of properties of the 
Minnesota Iron Company. This information has applied particularly to 
the area between Eveleth and Mesaba station. 

Since the work was begun in the Mesabi district tho Survey has had 
access to an elaborate set of maps of the iron-bearing series, containing 
records of practically all of tho exploration work done on the range, pre- 
pared by J. U. Sebenius, under the direction of \V. J. Olcott, for the Lake 
Superior Consolidated Iron Mines,,now a part of the United States Steel 
Corporation. These have been kept up to date by Mr. Sebenius for the 
United States Steel Corporation. Exploration of the iron formation in 
the Mesabi district is done largely by test pitting and drilliug through the 
glacial drift which deeply covens the district, and if the records of test 
pits and drill holes are not collected and systematized at the time of the 
exploration the information is largely lost for purposes of mapping. It is 
apparent, therefore, that accurate mapping of the iron formation would have 
been quite impossible without access to such maps as those referred to. 

Many other mining men and explorers, indeed practically all interested 
in the Mesabi district, have given the Survey information concerning their 
properties and have placed facilities for study at its disposal. The writer 
finds himself quite unable to present an adequate list of names or to make 
a satisfactory selection of a few names for special mention. 

The mine photographs reproduced were furnished by W. J. Olcott, E. 
E. Sperry, George Dormer, E. If. Buckley, and local professional photog- 
raphers. 

To all whose cooperation hns aided in the preparation of this report 
the Survey tenders thanks. 

CKOUHAIMIY AND TOFOGltAIUIY. 

The Mesabi iron district lies in the part of Minnesota which is north- 
west of Lake Superior. In shape and trend it is similar to the other 
iron districts of the Lake Superior region (see PI. I). It extends from 
Grand liapids, on the Mississippi Kiver, in a direction EXE. to Birch 
Lake, a distance of approximately 10<» mile*, with a width varying from 2 
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to 10 miles. Its area is about 400 square miles. Eastward from Kirch 
Lake to Gunflint Lake and beyond are small patches <»f iron-formatiou 
material, and these areas have often been included in the Mesabi district, 
particularly by the early explorers. 

The main topographic feature of the district is a ridge or "range" 
parallel to the longer direction of the district, known as the "Giants" 
or "Mesabi" range. Mesabi" (spelled also Mesaba and Missabe) is the 
Chippewa Indian name for "giant." In the west end of the district the 
Mesabi range merges insensibly into the level of the surrounding country, 
about 1,400 foet above sea level, or 800 feet above Lake Superior. Toward 
the east the elevation, with reference both to Lake Superior and to the 
surrounding country, increases; from range 18 to range 12 elevations of 
1,800 and 1,900 foet above sea level, or 400 and 500 foet above the level 
of the surrounding country, are reached. For many miles both north and 
south of the range there is a comparatively low, flat area, and the Giants 
range, particularly its eastern portion, is a very conspicuous feature in the 
landscape. 

While the general trend of the range is ENE., there are many gentle 
bends in the crest line, and in range 17 a spur, known locally as the 
"Horn," projects in a southwesterly direction for 6 miles. The crest of 
the range is in places broad and flat, in others comparatively narrow and 
sharp. The southern slope is very gentle; the northern slop*? is somewhat 
less so. At frequent intervals both crest and slopes are notched by 
drainage channels. 

The Mesabi range, for the most part, forms a drainage divide, although 
it is crossed by drainage channels at several places. Tho drainage of the 
district is apportioned among three of the great river systems of tho 
country — the Mississippi, St Lawrence, and Nelson. In the western 
portion of the district, from Grand Kapids to within 3 miles of Ilibbing, 
the southern slojw is drained by the Mississippi River and its tributaries, 
the Prairie and the Swan. The Mississippi and the Swan cress the range. 
From 3 miles west of Ilibbing to east of Iron Lake, near the east line of 
range 13, the district is drained to the south by the St. Louis River and 
its tributaries, the Swan, Embarrass, and Partridge The Embarrass River 

■The I'nitod Stalin iioonl vn Gixjgraphir Names ba* adopted thin 8|«.-llin«. The term wax orijri. 
itally applied to tho elevation irimlo >iy the ptbbro eastward from Alien Junction to (iunfliiit Ij»ke 
anil beyond, but 1>«* *iuce been applied «» above. 
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crosses the range. The St. i/ouis empties into Lake Superior, and thence 
the waters of the system are contributed to the St. Lawrence. From 
the east line of range 13 to east of Hirch Lake the district is drained hy 
the Dunka River, which crosses the range and is tributary northward to 
a lake system which discharges through Nelson Kiver into Hudson Hay. 

The northern slope of the Mesabi range is drained in part by the 
Mississippi, Prairie, and Kmbarrass rivers, flowing south, but aside from 
these the drainage of the north slope all goes northward into the lake 
system tributary to Hudson Bay. One of the feeders of this system, the 
I'ike Kiver, reaches well down into the southward-projecting spur of the 
range between the towns of Kveleth, Virginia, and McKinley, thus over- 
lapping the headwaters of the Kmbarrass. 

To anyone familiar with the Lake Superior region it is sufficient to 
say that the timber and soil of the Mesabi district are characteristic of the 
region. The forest includes the white pine, the yellow or Norway pine, 
tamarack, spruce, cedar, and balsam or balsam fir ( jack pine). Scattered 
among them are hardwood trees, mainly poplar, birch, and maple. For 
the most of the district the forest is essentially coniferous, but over small 
areas the hardwood trees predominate. Tamarack, cedar, and spruce 
swamps occupy considerable areas, particularly along the lower slopes of 
the range. Hie exceedingly thick underbrush consists largely of hazel, 
maple, alder, ash, willow, cherry, and ground hemlock. Most of the pine 
has been cut. 

Old chopping*, windfalls, fires, underbrush, and swamps have combined 
to make the scene a desolate one for much of the district, and to make the 
traveling away from trails or roads most arduous. In the limited portions 
of the district where the original pines still stand, all the beauties of the 
Northern pine forest at its best aire to lie observed. 

The district is heavily covered with glacial drift, consisting of sand, 
clay, and bowlders, the latter in some places so very numerous as to 
discourage attempts to clear the land for agricultural purposes. Up to the 
present time practically no land has been cleared outside of town sites ami 
mining locations. There are, however, considerable areas in which the soil 
would yield abundantly on cultivation. 

Along the Mesabi range are a number of mining towns, most of them 
marking mining centers; one only, Grand Rapids, on the west end of the 
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range, owes its existence to lumber interests, and even this town is benefited 
by the exploration for ore in the western portion of the range. The 
towns are largely confined to the central portion of the district. Beginning 
at the Stevenson mine, in K. 21 W., there are towns at frequent intervals 
to Mesaba station, in range 14, and these intervals are likely to be further 
subdivided as the exploitation of the range proceeds. From Mesa ha station 
to the east end of the range, and from the new town of Xashwauk to Grand 
Rapids, near the west end of the range, a distance in each case of a little 
over "20 miles, there are no settlements. 

Three railways, all with terminals on Lake Superior, touch the range. 
The Duluth and Iron Kange Railway crosses the district in R. 14 W., and 
sends out a branch to Biwabik, .Stephenson, McKinlev, Sparta, Eveleth, 
and Virginia. The Duluth, Missabe and Northern Railway approaches the 
range from the south through li. 18 W., and just before reaching the range 
sends out branches to Biwabik, Eveleth, Sparta, Virginia, Mountain Iron, 
and Hibbing. The Eastern Railway of Minnesota (the Great Northern) 
has three approaches to the range, one through K. 18 W., another through 
Hibbing, and a third through Grand Hapids. Branches connect with 
Stevenson, Chisholm, Buhl, Mountain Iron, and Virginia. The only large 
parts of the range not immediately accessible by railway are those between 
the Hawkins miue and Grand Rapids, and between Mesaba station and 
Birch Lake. 

GENEKAX. GEOLOGY. 

The succession of formations in the Mesabi district appears in the 
following table: 

.SwcmUM'/H ;f jurmutimf m , f«-Jufc. tl.Mrtrl. 

Pleistocene. 

(Unconformity.) 
Cretaceous. 

( t'nconfortnity. ) 

Kewccnawan <Jn ul basal gabbro ami granite, intrusive in all lower formation* 

(Uncon funnily.) 

Upper Hiironlan (Mewtbi writ-*) Virginia *lute i upper »]atc formations 

( Unconformity. ) Biwabik formation < imn-ltearing formation ) 

Pokegainu formation {onartiute and <)iiarU-slate formation >- 

Lower Huronian tiranite, intrusive in lower formations. 

( Unconformity. \ Slatc-gruywaeke-congloincrate formation i equivalent to the 

Ogishke and Knife Lake formations of the Vermilion district V 

Basement complex , or Archean I irecnatoiw*, including lustilt*, diorlte* . duihnstw.etc, honiblcnde- 

sclii»l<-, mid |K> n ,liyritic granite* ami rhvolites 
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The core of the Giants range is made up principally of granito of 
Lower Huronian and Keweenawan age, and subordinately of Arcliean 
igneous rocks. To the south of the igneous core, for a part of the 
district, are Lower Huronian sedimentary rocks, with bedding approxi- 
mately vertical. Against the southern boundary of the Lower Huronian, 
or where the Lower Huronian is lacking, against the igneous core, lie the 
Upper Huronian sedimentary rocks. They dip gently to the south and 
underlie the greater portion of the southerly slopes of the rauge. On the 
southeast the Huronian nicks are limited by (he Keweeuawan gabbro, the 
north edge of which c uts wross the Huronian formations diagonally from 
southwest to northeast. The Archean, l»wer Huronian, and Upper 
Huronian series are separated from one another by unconformities. Glacial 
drift covers the district so thickly that rock exposures are rare on the lower 
slopes of the range, and only fairly numerous near the crest 



CHAPTER II. 



BRIEF HISTORY OF THE DISTRICT AND SUMMARY OF 
LITERATURE CONCERNING IT. 

IIIMTOItY AND MTERATUllK OF THK DISTRICT PRIOR TO ITS OPEXIXfi. 

In penetrating the vast wilderness north and went of the Great Lakes 
country, the early explorers were compelled for the most part to stick close 
to the waterways, for the nature of the country made travel for louir 
distances exceedingly arduous by any other method than canoeing. Three 
of tlie canoe routes to the country northwest of Lake Superior cross the 
Mesabi range and its eastward continuation The Mississippi River and 
its tributaries, the Prairie and the Swan, touch the western portion of the 
district. Embarrass Lake, tributary to the St. Louis River and thence to 
Lake Superior and the St. Lawrence, crosses the Mesabi range near its 
east-central portion. Gunflint Lake, one of a chain of lakes tributary to 
Rainy River and Nelson River and thence to Hudson Buy, lies far to the 
east, on a continuation of what is now known as the Mesabi range. Thus 
it is that the first references to the Mesabi district found in literature 
concern the parts of the district immediately adjacent to these canoe routes. 
Brief descriptions of Pokegama Falls on the Mississippi River and adjacent 
areas were made by Maj. Z. M. Pike in 1810, by Lieut. James Allen and 
Henry R. Schoolcraft in 1832, and by J. N. Nicollet in 1841. In 1841 
also Nicollet published his map of the hydrographic basin of the Upper 
Mississippi, on which the Mesabi range, called "Missabay Heights," was 
for the first time delineated, by hachures, although very imperfectly. In 
1852 .1. G. Norwood reported the occurrence of iron-formation material at 
Gunflint Lake and mentioned granite and gneiss seen in crossing the range 
at Embarrass Lake. In 1866 Col. Charles ^Tiittlesey reported on 
explorations made in northern Minnesota during the years 1848, 1850, and 
1864. He mentioned Pokegama Falls and made vague reference to the 
granitic rock* of the range. "Mesabi range" was used in an indefinite way 
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to rover what are now known as the Mesabi and Venn i lion ranges. In 
1866, also, Henry H. Karnes, the first State geologist of Minnesota, reported 
granite ami gneiss seen on a trip across the range at Kmhan"a.ss I*nke. In 
describing the ranges of the northern part of the State, including the 
'"Missabi Wasju," lie stated that they appear to be traversed by metal-bearing 
veins. Presumably, however, this statement refers mainly to the Vennilion 
range. In a second report, published the same year. Mr. Eaiues is more 
explicit, and. referring to the general elevated area of tin; northern part of 
the State, including the Mesabi range, states: "In this region are found 
also immense bodies of the ores of iron. l>oth magnetic and hematitic. 
occurring in dikes and associated with the rock in which it is found; in 
some of those formations iron enters so largely into its composition as to 
affect the magnetic needle." Pokegama Falls and I'rairie River Falls were 
visited, and at the latter place the presence of " iron ore" was noted. These 
reports of Karnes contain the first references to iron ore in the Mesabi 
district proper, although iron formatiou had been noted by Norwood in 
1852 at Guntlint Lake 

From this time on desultory exploration work was done in certain 
portions of the district It was confined for the most part to the area 
west of Hindi Lake, in li*. 12, 13, and 14 W., and to the vicinity of the 
Prairie River. No published accounts of the earlier portion of this explo- 
ratory work are to be found. 

The first examination of the Mesabi range by a mining expert with 
particular reference to the occurrence of iron ore in workable deposits, noted 
in print, was made in 1875 by Pn>f. A. H. Chester, of Hamilton College, New 
York. Striking the Mesabi range at Embarrass Lake, he worked eastward 
toward Hindi Lake. In his report (published in 1884) he called attention 
to the magnetic character of the iron in this area, and to the fact that the 
alternating iron layers are not thick or continuous. The percentage 44.08 
was given as a fair average of iron in the rocks of this part of the district. 
In general, one gathers the impression that he was not favorably impressed 
with the economic prospects of this area. Between the time of Professor 
Chester's examination of the range, in 1875, and the publication of his report, 
in 1884, Prof. N. II. Winchell, State geologist of Minnesota, briefly noticed 
the Mesabi range in two of his n>i>orts. In 1*711 he told of the occurrence of 
iron ore in R. 14 W., and published analyses. In 1881 he told of a trip from 
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Embarrass Lake ea-st to range 14. and noted the magnetic character of the 
iron formation in range 14, ;»s well as its .similarity to the formation at 
Gunflint Lake. Indeed, the iron formation in range 14 is called the ' (Tim- 
flint beds." In 1883 Irving called the Mesabi iron-bearing rocks series 
"Animikie," a term which had been applied to similar rock* at Thnnder 
Bay and westward to Gunflint Lake, and con-elated the Animikie rocks 
with the "Original Huronian" rocks of the north shore of Lake Huron and 
with the iron-bearing series of the Penokee -Gogebic iron range of Michigan 
and Wisconsin. From this time on the term "Animikie" is much used in 
the literature on the Mesabi range to designate the iron-liearing series. 
In 1884, in the same report in which Chester's rej>ort was published. 
X. H. Winchell discussed the age of the Mesabi series of rocks, assigning 
them to the "Taconic," or I«ower Cambrian, and, following Irving, correlated 
them with the iron-bearing rocks of the IVnokee-Gogebic district. In the 
late eighties a number of other reports on the district were issued by the 
Minnesota survey, but they contain no important points not noted in reports 
above cited. This brings us to the o|>ening of the district for mining. 

OPENING AND DEVELOPMENT OF THE D1STHHT. 

Since the late sixties there had been more or less exploration, partic- 
ularly along the eastern portion of the district, from Embarrass Lake to 
Birch Lake, and the presence of iron-formation material had been recognized 
and discussed in the reports above mentioned. However, not a single 
deposit of iron ore of such size ami character as to warrant mining had 
been shown up. In fact, the range had been "runted down" by many 
mining men who had examined it. This was largely because of the fact 
that they confined their attention principally to the eastern, magnetic end 
of the range, where exposures of the iron fonnation are numerous. Even 
up to the present time no ore has been found there in quantity. Yet the 
impression was gradually developing that iron ore in large quantity was to 
be found in this district, and a few prospectors were working diligently. 

Among the more persistent of the Mesabi range explorers were the 
Mcmtta— Lon Merritt, Alfred Merritt, L. J. Mcrritt, C. C. Merritt, T. B. 
Merritt, A. K. Merritt, J. E. Merritt, and \V. J. Merritt— of Duluth, Minn. 
Their faith in the range was the first to be rewarded. On November 16. 
1890, one cf their test pit crews, in charge of Capt. J. A. Nichols, of Duluth, 
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struck iron ore in the NW. \ sec. 3, T. 58 X., R. 18 W.. just north of what 
is now known as the Mountain Iron mine. This was followed in 1891 by 
the discovery of ore in the area now covered by the Biwabik aud Cincin- 
nati mines. John McCaskill, an explorer, observed iron ore clinging to the 
roots of an upturned tree on what is now the Biwabik property. This led 
to test pitting, and test pitting by the Merritts on the area of the Biwabik 
mine, under charge of W. J. Merritt, led to the discovery of this mine in 
August, 181)1. The Cincinnati mine was opened the same fall. The Hale, 
Kanawha, and Canton mines were shown up in the spring of 1892. 

The discovery of ore near what are now known as the towns of 
Virginia, Eveleth, McKinley, and Hibbing followed in rapid succession. 
The excitement following the first discovery of ore at Mountain Iron was 
greatly augmented by each succeeding find, and in 1891 and 1892 there 
was the inevitable rush of explorers. 

Up to October, 1892, there were two railways touching the range, the 
Duluth and Iron Range, crossing the range at Mesaba station on its way to 
the Vermilion range, and the old Duluth and Winnipeg (now the Great 
Northern), reaching the range at Grand Rapids. Both of these places 
were far removed from the exploring centers. Most of the explorers went 
through Mesaba station. Reaching this place by rail, they were compelled 
to travel 12 to 50 miles to the west along "tote roads," which were all but 
impassable. The time, money, and energy needed to conduct even modest 
explorations at this time can be appreciated only by those who have 
experienced the difficulties of inland travel in the Lake Superior region 
away from railways. The stories of this "toting" period contain the 
usual records of misfortunes, lucky strikes, and enterprise incidental to a 
mining boom. 

The railways were not long in getting into the field. In October, 
1892, two lines were put in operation. The Duluth, Missabe and Northern 
Railway was built to connect Mountain Iron mine with the old Duluth 
and Winnipeg Railway (now the Eastern Railway of Minnesota, a part of 
the Great Xorthern system) at Stony Brook Junction, and later waa 
extended to Duluth. Almost immediately after the connection with Mountain 
Iron a branch was sent out to Biwabik. About the same time the Duludi 
and Iron Range Railway sent out a branch from its main line to the group 
of mines at Biwabik. Very soon thereafter both railways got into Virginia 
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Hibbing was reached by the Duluth, Missabe and Northeru in 1893. 
Eveleth was reached by the Duluth and Iron Range in 1894, and by the 
Duluth, Missabe and Northern very soon thereafter. The Mississippi and 
Northern (Eastern Kail way of Minnesota) about the same time projected 
a spur from Swan River to the Hibbing district 

With the advent of railways the development of the range went ob 
by leaps and bounds. This marvelous development has continued to the 
present time. The only considerable check occurred during the period of 
general financial depression which the country underwent in 1894, 1*95, 
and 189(>. Almost an untouched wilderness in 1890, the district is to-day 
the greatest producer of iron ore in the world. The rapidity of the 
development of the mining industry of the district, carrying with it all the 
prosperity of the range, can not be better told than by the following table 
of shipments from the district: 

Shipmrut* fn.m thr McnM dittncl." 



Groa lolu. 

1SW 4. 243 

1883 013,621) 

1SSM 1,71*3,052 

1895 2,7SI,587 

189tt 2.SS2.07W 

1897 4,275.SU9 

189S 4,813,76H 

18TO «,«2«,3K4 

1H00 7. 809, 535 

1WH It,004,M«0 

1902 13.:M»,H5S 

Total 53. 734, 920 



LITERATURE ON THE DISTRICT SUBSEQUENT TO ITS OPENING. 

With such a phenomenal development, it is but natural that the litera- 
ture on the range, published since its opening, should Ik- voluminous. The 
most important reports have been issued by the Minnesota State survey. 

In 1891 Messrs. N. H. and H. V. Winchell published jointly a general 
discussion of the iron ores of Minnesota. This was written for the most 
part prior to the actual discovery of ore in quantity in the Mesabi district, 
but it contained also a brief notice of the Mcrritts' discovery of iron ore 
near Mountain Iron in 1890. A general account of the structural relations 



"On |>|.. 2S7-2.S9 inav (*■ found » full t»Mi- of *hi|>inriii* fruiii individual niim*. All tixur«* are 
taken from thv Iron Trade Hvriew. except for IU02. 
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ot the ores of tin* Mesabi range was given, and a comparison with Vermilion 
ores. The iron formation was described and mapped as extending from 
Pigeon River to tho Mississippi River on the west. Detailed descriptions 
were given of the principal explorations made up to this time, and the report 
was accompanied by a map showing location of iron indications in the 
district. A prediction, was made that the Mesabi range would be found to 
contain vast quantities of iron ore. The first report on the Mesabi district 
which was written after the discovery of ore — written largely because 
of the discovery of ore — was published in 1893 by H. V. Winchell. This 
contained a map of the part of the range then productive, and a general 
account of the history and geology of the range. The mining developments 
up to that time were fully described. In 1892 Van Hise correlated tho 
Animikie series with the Upper Huronian division of the Algonkian. In 
1894 .1. K. Spun* issued a bulletin containing a map of the range and a full 
discussion of the geology, and maintained that the ores were developed from 
green granules which ho called tflauconlte. This was the first serious attempt 
to determine the origin of the ores. His conclusion that the ores are mainly 
derived from green granules is confirmed by the work reported in the 
following monograph, but his determination of the green granules as 
glauconite is proved to be erroneous. In 1899 was issued Volume IV of 
the Final Report of the Minnesota survey, containing, besides a general 
map of the Mesabi range and its eastern extension to Gunflint Lake, a 
number of detailed maps, each of them accompanied by a description of the 
geology, by N. H. Winchell or U. S. Grant. This volume was followed in 
1900 by a volume (V) containing a general discussion of the stratigraphic 
relations of the rocks of northern Minnesota, including the Mesabi rocks, 
by N. II. Winchell. In 1901 there appeared Volume VI of the same survey, 
containing practically all the maps published in previous volumes of the 
survey, and one new one, a general geological map of the State, accompanied 
by synoptical descriptions. 

The United States Geological Survey began field work in preparation 
for this monograph on July 1, 1900. While rather voluminous reports on 
the district above referred to had already appeared, these were different in 
scope and execution from the United States Geological Survey series of 
rejx>rts on the iron ranges, and, moreover, they contained interpretations of 
the geology of the area with which the United States Geological Survey 
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was not in accord. It was therefore decided to map and report on the 
district. 

In 1 !»(»!, in a paper on the iron-urc deposits of the Lake Superior 
region, by C. R Van Hise, there was included a preliminary report on the 
geology of the Mesabi district, by C. R Van Iliso and C. K. Leith, accom- 
panied by a map of part of the district by C. K. Leith. This preliminary 
report contains many of the essential features «>f the following monograph. 

In addition to the above reports there have appeared a considerable 
number of articles concerning the economic features of the district, some of 
which are listed on pages til and 62. 

SUMMARIES OK LITERATURE, ARRANGED CHRONOLOGICALLY. 

In the following summaries of literature on the Mesabi range no refer- 
ence is made to a number of geological reports containing general discus- 
sions or incidental references to the general geology of northern Minnesota. 
Neither is any attempt made to summarize all the articles on the economic 
features of the Mesabi district which have appeared iu the publications of 
engineering and mining societies and trade journals the world over. The 
titles of some of these articles appear on pages 61 and 62. Only such 
reports are summarized as mark the historical development of knowledge 
of the range. 

The reader is likely to have difficulty in understanding some of the 
geological names used in reports summarized. A variety of terms have 
been used for the same formations, and the same term has occasionally 
been used with different meaning by different writers. The meaning of 
the names is discussed in the section on Correlation (pp. 200-20")). 

Pike. Maj. Z. M. An account of expeditions to the sources of the Mississippi 
and through the western part of Louisiana, performed by order of the Government 
of the United States during the years 1*05. 1S0«, and 1*07. Philadelphia. IS10. 

A brief mention of Pokegama Falls is here made. 

Allen, Lieit. James. Report of Schoolcraft's expedition of 1832 to the 
Hources of the Mississippi River. American State Papers. Vol. V. Military Affairs, 
page 330. 1*33. 
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Lieutenant Allen briefly describes Pokegama Falls, and states that the 
river breaks through a low ridge which trends northeast-southwest. This 
is the first mention of the ridge which was later known as the Mesabi. 

1S41. 

Nicollet, .F. N. Report intended to illustrate a map of the hydrographical 
basin of the Upper Mississippi River, made while in the employ of the Bureau of 
the Corps, of Topographical Engineers. Twenty-sixth Congress, 2d session, 1841, 
Senate Document No. 237. series No. 3S0, p. 63. 

The rocks at Pokegama Falls are briefly described and Missabay 
Heights are indicated on the map for the first time by Hachures. 

Norwood, J. G. Geology of the northwestern and western portion of the 
valley of Lake Superior. Published in the report of a geological survey of 
Wisconsin. Iowa, and Minnesota, made under instructions from the United States 
Treasury Department, by David Dale Owen. Philadelphia, 18o2, pages 213-418. 

Dr. Norwood crossed the Mesabi range in two places — at Gunflint 
Lake and at Embarrass Lake. He reports the occurrence of iron-formation 
material on Gunflint Lake. Going north across the Sagauaga granite, he 
makes the statement that this granite range, if continued in a southwesterly 
direction, would pass in the direction of the Missapi Wachn and Pokegama 
Falls on the Mississippi (p. 417). 

In going up the north shore of Embarrass Lake he crossed the Mesabi 
range aind observed syenitic granite associated with gneiss. 

Schoolcraft, Hexrv K. Summary narrative of an expedition to the sources 
of the .Mississippi in 1S20, resumed and completed upon the discovery of its origin 
in Itasca Lako in 1832. with appendices. 

This contains a brief mention of Pokegama Falls. 

Eames. Henry H. The metalliferous region bordering on Lake Su|)erior. 
First Report of the State Geologist of Minnesota, St. Paul. 1S(U>, pages S and t». 

In 1865 Eames crossed the "Missabi Wasju" at Embarrass Lake, and 
in his report mentions the granite there seen. 

Eames. Henuv H. Geological reconnois-sanee of the northern, middle, and 
other counties of Minnesota. Second Report of the State Geologist of Minnesota, 
St. Paul. !«;>;. pages 1-5*. 
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Fames in 1866, referring to the " gigantic uplifts " in the northern 
part of the State, which reach their greatest altitude "at or near Missahe 
Heights," states : " In this region are found also immense bodies of the 
ores of iron, both magnetic and hematitic, occurring in dikes and asso- 
ciated with the rock in which it is found. In some of these formations 
iron enters so largely into its composition as to affect the magnetic needle, 
both in its horizontal deflection and vortical dip" (p. 18). 

In a geological reconnaissance Pokegaina Falls and the falls of Prairie 
River were visited. The rock at Pokegaina Falls is referred to the Pots- 
dam. The lower or first falls of Prairie River were referred to as "an 
uplift of igneous and metamorphosed rocks, consisting of grauite, coarse 
and fine, quartzite or Potsdam sandstone, and iron ore," which occurred in 
the following order in ascending the river: 

1. Fine-grained quartzosc granite. 

2. Iron ore. 

3. Quartzite (Potsdam sandstone). 

4. Fine granite. 

5. Primitive schistose rock. 

6. Argillaceous slate. 

Passing the first falls near the upper end of the lake on the south side, 
an uplift is seen 50 feet high, showing the same succession of strata as 
above given, beginning with No. 4 and ending with No. 1. Xos. 5 and 6 
are not seen here. 

The upper falls of the Prairie River cut through an uplift of granite 
rocks. 

Whittlesey, Col. Ciiakles. A report of exploration* in the mineral region 
of Minnesota during the years 1*48, 18.5!*. and 1S«U. Cleveland. I860. 

Colonel Whittlesey gives a vague account of the northern portion of 
Minnesota, using the term "Mesabi" range to cover the general elevated 
area in the northern part of the State, including the Vermilion range. 
The region is referred to as " an imperfectly defined region of granite, 
syenite, mica slate, siliceous, and talcose rocks extending to and across the 
national boundary" 

The (piartzite of Pokegaina Falls is referred to the Potsdam sandstone. 

MON XLIU — 03 3 
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Wincheix, N. H. Sketch of the work of the season of 187*. Geological nnd 
Natural History Survey of Minnesota. Seventh Annual Report, 1879, pages ft-25. 

Professor Wiuchell here tells of the occurrence of iron ore near Gun- 
flint Lake and in Ts. 59 and 60 N., R. 14 W., and publishes two analyses of 
ore from range 14 (pp. 22, 23). The " Mesabi Heights" are referred to 
as due to drift and to hard quartzite. 

Winchell, N. H. Geological and Natural History Survey of Minnesota, Ninth 
Annual Report, 1SS1, paged 100-109. 

Professor Winchell writes of a trip down the Pike River, across the 
portage to Embarrass River, down the Embarrass to the dam, thence east 
to range 14, where pits in iron-formation material (called Gunflint beds) 
are reported in sections 14, 15, and 28, and other places. The magnetic 
character of the formation is noted. 

lnvrso, R. D. The copper-bearing rocks of Lake Superior. Mon. U. S. Geol. 
Survey Vol. V. !Sb3, pages 3H2-384. 

In his famous monograph on the copper-l>earing rocks of Lake Superior, 
Irving correlates the Mesabi iron-bearing rocks as far west as Pokegama 
Falls with the slates and associated iron-bearing rocks at Gunflint Lake and 
thence eastward to Thunder Bay, and accordingly calls them Animikie. 
In 1878 Hunt had suggested the name Animikie (Indian for Thunder Bay) 
for the series at Thunder Bay, and the continuity of this series westward 
to Gunflint Lake had been established by Bell" and Wiuchell.* 

At tho same time Irving correlates the Animikie with the original 
Huronian of tho north shore of Lake Huron and with the iron-bearing 
series of the Penokee-Gogebic district. This correlation has since been 
accepted by Van Hise and other United States geologists, and it is the one 
which is used in the following report 

From this time on the Mesabi iron-bearing series (the Upper Huronian 
of the following report) is frequently referred to in literature as the Animikie 

"Gwl Surv. of CmuuIh for 1872-73, by Robert Bell. pp. 92-tM. 

» Ninth Ann. Repi. Oeol. Nut. Hi*t Survey Minnesota, by N. H. Winchell, 1881. p. 7ti. 
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series, although this term is given different age significance by different 
writers. 

The petrography of the gabbro of northeastern Minnesota is fully 
described. 

Wixchell, X. II. The geology of Minnesota. Geological ami Natural His- 
tory Survey of Minnesota. Final Report, Vol. I, 1*84. 

The first volume of the Final Report of the Minnesota survey contains 
a very interesting account of the early explorations in Minnesota. The 
development of knowledge of the geography and geology of the State is 
sketched. Slight reference is made to the Mesabi district. 

Following the historical Bketch is a description of the general physical 
features of the State. The discussion of the drainage systems and divides 
involves the discussion of the topography of the Mesabi district. Timber, 
noils, glacial drift, and lakes are also discussed. 

Chester, A. H. The iron region of northern Minnesota. Geological and 
Natural History Survey of Minnesota, Eleventh Annual Report, 1884, pages 154-167. 

Professor Chester, of Hamilton College, in 1894, published an account 
of an examination of the eastern end of the Mesabi range, made in 1875 for 
private parties. This was the first examination of the range by a mining 
expert noted in literature. Coming from Duluth on the south, ho struck the 
Mesabi range at the portage of the Embarrass, and worked northeast 
along the range to T. GO N., R. 12 \V. A largo number of outcrops and 
pits were examined. The siliceous bands associated with the iron bauds in 
the iron formation are called quartzite. Attention is called to the magnetic 
character of the iron ore and to the fact that the alternating iron layers 
are not thick or continuous. From the samples of iron ore brought back 
from his trip a large number of analyses were made; 44.68 is given as a 
fair average of the percentage of iron in the part of the district covered. 
This, of course, applies to iron above the level of ground water, as this is 
the depth to which most of the pit* were sunk. Professor Chester expressed 
the opinion that the iron-bearing rocks of the Mesabi district bear the 
same relation to the II woman rocks as do the rocks of the Penokee iron 
range in Wisconsin. 

To the north of the maguetic schist* constituting the iron formation is 
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a rerl or pink granite forming the backbone of the Mesabi range. To the 
north of this ridge the rock strata are much more inclined, and consist of 
similar slates and quartzite, but without magnetite. Tlie general trend is 
east and west, following the trend of the ridge. The second bolt, the red 
granite, identical in appearance with that of the Mesabi backbone, is 
exposed on the long portage between Embarrass and Pike rivers in the 
southwestern part of T. GO X., 11. 15 \V. 

In general the reader gathers the impression from Professor Chester's 
report that he is not favorably impressed with the value of the iron ores 
from the part of the district visited by him. 

Winchem.. N. H. Geological and Natural History Survey of Minnesota. Elev- 
enth Annual Report. 1884. page* 168-170. 

Professor Winchell discusses the age of the Mesabi rocks. He classes 
them, with the Vermilion iron-bearing rocks, as Taconic, or Lower Cam- 
brian, equivalent in part to the Huronian of Michigan and Wisconsin. 

Winciieix. N. H. Geological and Natural History Survey of Minnesota. Thir- 
teenth Annual Report, 1885. pages 10-24. 

Professor Winchell here describes the rocks of the Mesabi range seen 
in a trip across the range along the Duluth and Iron Range Railway. 
Gabbro is crossed at Okwanim (Allen .Junction). Two miles north of 
here is a cut in soft reddish iron-formation material. Four miles north of 
Okwanim is gray granite or syenite, forming the Giants range. This is 
about a mile wide. Two miles to the north is red granite (Kmbarrass). 
A cross section shows Huronian, Animikie, and Gabbro rocks lying with 
structural conformity with one another on the syenite of the Giants range, 
to the north of which is shown Huronian conglomerate and greenstone, 
with a dip to the north of about the same degree as the dip of the strata 
south of the range. In a general account of the crystalline rocks in the 
same report Professor Winchell describes the rock succession in the Mesabi 
and Vermilion ranges as follows: 

(1) At the top are slates and quartzites, with beds of diorite (the Ani- 
mikie group). These contain the Mesabi iron ores. 

(2) Soft greenish slaty schists, with lenticular masses of gneiss and 
diorite. These contain Vermilion iron ores near the bottom. 



Digitized by Google 



SUMMARIES OF LITERATI' RE. 



37 



(3) Conglomeratic ami quartzitie slates, quartzites, and marble; per- 
haps contain the Vermilion iron ores. 

The Mesabi ores are probably the equivalent of the Commonwealth 
ores of Wisconsin, with no known equivalent in Michigan. 

Willis, Bailey. Report of a trip on the Upper Mississippi and to Vermilion 
Lake. Minnesota. Tenth Census of the ITuitod States, Vol. XV, 1SSC, pages 45"-4t>l. 

Mr. Willis briefly describes the rocks at Pokegama Falls and at the 
two falls of the Prairie River, and accompanies the description with a sketch 
map of both places. 

Irving, Roland 1). Origin of the ferruginous schists and iron ores of the 
Lake Superior region. Am. Jour. Sei., 3d series. Vol. XXXII, ls8t>, pages 255-^72. 

Irving concludes that the original form of the iron-bearing rocks of 
the Lake Superior region was iron carbonate, and that the iron ores and 
associated rocks of the iron formation have resulted from the alteration of 
this rock by percolating waters. With reference to the Gunflint district of 
the Animikie ores, the statement is made that a study of slides shows "com- 
plete gradations from tho unaltered carbonates to cherty anil jaspory mate- 
rials and even to actinolitic and magnetite schist* " (p. 262). No direct 
reference is made to the ores of the Mosabi district 

Winchell, X. II. Geological and Natural History Survey of Minnesota, 
Fifteenth Annual Report, 1887, pages 209-3W). 

In this report Winchell mentions the occurrence of nontitaniferoua 
magnetite in T. 63, R 11 W., and Ts. 59 and 60 N. t R 14 W., and states 
that it is comparable to the "iron ore found at Black River Falls, in Wiscon- 
sin, and at the western end of the Peuokee-Crogebie iron range on the south 
side of Lake Superior" (p. 216). 

Winchell, II. V. Geological and Natural History Survey of Minnesota, 
Sixteenth Annual Report, 1888, pages 43S-I40. 

Here is a brief description of Pokegama and Prairie falls. It is said 
that the Pokegama were formerly much higher and have been worn down 
in tho hist twenty yeans. The Indians call them " Kakabikag" (rocky falls). 
They sometimes add a diminutive, and call them the "Little Rocky Falls." 
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WiNCHEii, H. V r . Report of field oWrvations made during the season of l>st( 
in the iron region of Minnesota. Geological and Natural History Survey of Minne- 
sota. Seventeenth Annual Report, 1S80. page;* 77-145. 

H. V. Winchell here reports on a trip from Birch Lake southwest 
along the Duuka River, along the Mesabi range to the Duluth and Iron 
Range Railway, and back again to Birch Lake. Descriptions of numerous 
outcrops of the iron formation, Giants range syenite, and the gabbro are 
given. The magnetic character of the iron is emphasized. The contact 
of iron formation and syenite north of Iron Lnke in the SE. \ of NE. \ 
sec. 35, T. 61 X., It. 12 W., is described. The irou formation rests with 
normal erosion unconformity upon the syenite. 

At the end of the season a visit was made to Pokegama Falls and 
Prairie River Falls, at the west end of the Mesabi range, but no new points 
were noted. 

Winciiki.l, N. H. Geological and Natural History Survey of Minnesota, 
Seventeenth Annual Report, lssi*. pages 5-74. See also the Aniinikie Mack slates 
and quartzites and the Ogishki conglomerate of Minnesota, the equivalent of the 
"Original Huronian." Am. Geol., Vol. I, pages 11-14. Methods of stratigraphy 
in studying the Huronian. H>id.. Vol. IV.. pages 342-3.-»7. 

The uontitaniferous iron ores of the Mesabi range are classed with the 
Taconic and placed as the equivalents of the Huronian of the Marquette 
district, the Penokee-Ciogebie district, the Black River Falls schists, and 
the Black Hills quartzites. 

1ROO. 

Winchell, N. H.. and Winchell, II. V. The Taconic irou ores of Minnesota 
and of western New England. Am. Geol.. Vol. VI. is<*>, |*age* L'tJ3-274. 

The iron ores of Minnesota are at five different geological horizons, in 
descending order, as follows: (1) The hematites and limonites of the Mesa hi 
range, the equivalents of the hematites of the Peuokee-ftogebic range in 
Wisconsin; (2) the gabbro titaniferous magnetites near the bottom of the 
rocks of the Mesabi range; (3) Olivinitic magnetites, just below the gabbro 
in the basal portion of the Mesabi rocks; (4) the hematites and magnetites 
of the Vermilion range in the Keewatin formation; (5) the magnetites of 
the crystalline schists of the Vermilion formation. It is maintained that 
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the uj)per iron deposits of the Mesabi and those of the Peuokee-Gogebic 
are the equivalents of the Tacouic ores of western New England. 

In tlie fall of this year occurred the first discovery of merchantable 
ore in the Mesabi distinct. The first shipment was made in 1892. 

1*01. 

Wrucinox, X. H. Record of field observations in lsss. Geological and 
Natural History Survey of Minnesota, Eighteenth Animal Report. 1891. pages 7-5!». 

This report was written before the discovery of ore in the district. 
Professor Winchell hriefly describes the explorations of John Mailman 
2 miles south of Hinsdale, near the Duluth and Iron Range track, calls 
attention to the similarity of the iron formation here with that at Guuflint 
Lake, and suggests that there is little likelihood of ore being found here 
similar to that at Tower. 

There is given also a brief account of a study of Pokegama Falls and 
of the country to the eastward for 1 6 miles to Griffin's camp (the Diamond 
mine), accompanied by a sketch map of this area. The similarity of the 
iron formation to that at the Mailman camp, at Guuflint Lake, and on the 
Penokee range, and the difference between this irou formation a-d that on 
the Vermilion range, are emphasized. 

The position of the Pewabic quartzite is left uncertain. It is consid- 
ered, however, to overlie the Animikie black slate, unless there are two 
great quartzites. This quartzite has heretofore been made the parallel of 
the great quartzite that overlies the Animikie uuconformably, but it is 
possible that it runs below it conformably. The great gabbro of the 
Cupriferous formation is regarded as lying below the Animikie, among 
other reasons, because it lies next to and immediately south of the gneiss 
of the Giant range without the appearance of any black slate between 
them, and because bowlders of characteristic gabbro, red syenite, and 
quartz-porphyry occur abundantly in the later traps of the Cupriferous. 

Winchell N. II., and Winchell, II. V. Iron ores of Minnesota. Geological 
and Natural History Survey of Minnesota, Hulk-tin No. <i. IS'M. jwges 43i». With 
a geological map, 2»f figure*, and 44 plates. 

This report was in part written before the discovery of ore in quantity 
in the Mesabi district, but was not published until afterwards. A notice 
of the discovery of ore is included. 
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The report contains a general account of the structural relations of 
the iron ores of the Mesubi and Vermilion ranges. The Mesabi iron ores 
occur in the Taconic or Huronian, consisting chiefly of carbonaceous and 
argillaceous slates, but often there are siliceous slates, fine-grained quartzites, 
and gray limestones. Near the bottom of the formation is a fragmental 
quartz sandstone liaving an apparent thickness of 300 feet, which has been 
called the Pewabic quartzite. All of these fragmentals are intermingled 
with eruptive material. Near Guuflint Lake carbonates about 20 feet In 
thickness occur near the bottom of the Taconic. The authors say: 

The Taconic formation embraces a variety of ores— nontitanic magnetites at the 
bottom, jaspilitic hematites next above, soft hematites and titanic magnetites. These 
are found to constitute a well-marked l>elt extending from Pigeon River westward 
to the Mississippi River, although the titanic magnetites seem to diverge from this 
course and to run below the St. Louis River a few miles west from Duluth. Except 
the titanic magnetite of the gabbro. which is a primary constituent of the rock and 
is of eruptive origin, all the ore* of the Taconic seem to be of chemical origin, 
and all, except those referable to concentration from oxidized carbonates, arc duo 
to i hemical precipitation, as hydrated sestpuoxides in the Taconic ocean under 
circumstances identical with those of the precipitation of the Keewatin hematite.-.. 

On the accompanying geological map the Laurentian, Keewatin, 
Pewabic quartzite, and Animikie strata are differentiated and iron indica- 
tions are marked in red. Comparison of this map with that published in 
connection with Volume IV of the Minnesota survey (see pp. 60-52) 
shows it to be very crude, but it was far in advance of any previous 
map. The Mesabi succession is also indicated in a general cross section of 
northeastern Minnesota. 

Descriptions are given of explorations on the Mesabi range, including 
the Stone mine at Mesaba (Mailman's original workiugs), the Mailman mine 
proper, in sec, 11, T. 59 N., R. 14 W., and the Diamond mine, in sec. 15, 
T. 56 N., R 24 W., and the discovery of ore at the Mountain Iron mine by 
the Merritt brothers is chronicled. 

One of the most interesting features of this report is a prediction as to 
the future of the Mesabi range. "The Mesabi ores are destined to play a 
very important part in the future development of the iron industry of the 
State" (p. 112). Later in the same report, just after intimation had been 
received of the first discovery of ore on the range, it is said, "There can be 
no reasonable doubt * * * there will yet be mined in the Mesabi 
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range oven greater quantities of hematite than have been taken from that 
marvel of mining districts, the Peuokee-Gogebic range * * *" (p. 1G0). 

1MU3. 

Van Hise. C. R. Correlation Papers— Archean and Algonkinn. Bull. U. S. 
Geol. Survey No. 1H5')2. 

In Ins correlation bulletin Van Hise refers the Animikie series of the 
Canadian boundary (the eastward continuation of the Upper Mesabi series) 
to the Upper Huronion, a part of the Algonkian system, and correlates it 
with the Animikie and the Keewatin series of western Ontario, the Upper 
Vermilion series of the Vermilion district of Minnesota, the Upper Mar- 
quette series of Michigan, the western Menominee series, the upper series 
of the Penokee-Oogebic district, the Chippewa, and Baraboo, Minnesota, 
and Dakota quaitzites. 

inn; i. 

Winchkm., H. V. The Mesabi iron range. Geological and Natural History 
Survey of Minnesota, Twentieth Annual Report, 1893, pages 111-180. See also 
Trans. Am. Inst. Min. Eng., Vol. XXI, U3S»8, pages 044-O8*;. 

Mr. II. V. Winchcll here gives the most comprehensive discussion of 
the Mesabi iron range yet published, particularly in its western portion. 
It is also the first report written subsequent to the discovery of ore on the 
range. 

The succession of the Mesabi in descending order is: 



1. Gabbro unoonfortnably on all the following Taconie 

•2. Black slates. Animikie Taconie 

3. Greenish siliceous slates and cherts Taconie 

4. Iron ore and taeonyte horizon Taconie 

5. QuarUite unconformable on »i and 7 Taconie 

«. Green schists of the Keewatin .Archean 

7. Granite or syenite of the Giants range Archean 



The granite of the Giants rango is bounded on the north by a belt of 
crystalline mica-schists and hornblende-schists, and on the south seems to 
havo a direct transition into the green schists of the Keewatin. The green 
schist has a nearly vertical cleavage. The schists do not always follow the 
course of the granite range. They are unconformable* covered in many 
places by the quartzite. The quartzite never has a high dip. Near the 
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base it contains pebbles of quartz and granite, as well as jasper and green- 
stone. This quartzite is correlated with the Pewnbie quartzite of Gun- 
flint Lake, the Pokegama quartzite of the Mississippi River, that of Sioux 
Falls, S. I>ak., nnd that of Hnraljoo, Wis. Coufonnable with the quartzite 
is the iron ore and tacouyte horizon, the strata of which are siliceous and 
calcareous, and are banded with oxide of iron in beds of variable length 
and thickness. The ore is sometimes magnetite and sometimes hematite. 
To the banded jaspery chert associated with the ore the term iaroui/tr is 
applied. The greenish siliceous slates or cherts constitute a transition stage 
l>etween the rocks of the iron horizon and the black slates. There is also a 
considerable mixture of greenish material, apparently of eruptive origin. 
The greater part of the rock is a red, yellow, black, white, or green chert, 
sometimes having a thickness of 200 or 300 feet. It often has a peculiar 
hreceiated appearance, having been shattered into angular fragments, and 
recemented by the same amorphous silica. The same fracturing is iilso 
visible in the iron ore. The siliceous slates and cherts pass upward into a 
carbonaceous argillite of great thickness, having a dip varying from the 
horizontal to 20 degrees to the south or southwest. Locally the dip is as 
high as 45 degrees, in which ca&e the ore deposits lie close to the green 
schists. The gabbro flow is over all of the previous strata. The effect of 
the heat on the molten gabbro was to make the iron ore which already 
existed in the rocks hard and magnetic, although the magnetite in the rocks 
westward from Mountain Iron mine was probably too far from the gabbro to 
have developed in this way. There is good reason to believe that the iron 
ore deposits in their present condition have been principally formed since 
the gabbro overflow. The ore defwsits occur as regular beds, which lie in 
almost their original positions, usually having a dip of less than 30 degrees 
and passing into the jaspery quartzite or tacouyte in three directions, and 
occasionally on all sides. The theory of Irving as to the origin of the 
Gogebic ores is partially adopted. The quartzite is inq>ervious to surface 
infiltration. The ore is regarded as produced by chemical replacement of 
some mineral, chiefly silica, by oxide of iron. As evidence of this, all stages 
of the process may be seen. Iron carbonate is found in the Mesabi rocks, 
but it does not appear in sufficient quantity to permit the assumption that 
the source of the ore was originally a carbonate. The solvent for the silica 
was probably carbon dioxide, and its source may have been the atmosphere, 
the black slates, recently decaying vegetation, or the ore deposits higher 
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uj) the slope. The silica removed from the location of the iron ores has been 
added to the grains of quartz in the quartzite, has been deposited as 
chalcedonic and flinty silica, and has been deposited in cracks and fissures 
in the slate, which lies at a lower elevation, but stratigraphically above the 
ore. The source of the iron is believed to have been chemical and 
mechanical oceanic deposits, which have simply concentrated in the present 
situation, perhaps from rocks now completely removed by erosion. The 
water which brought in the iron ore to supply the place of the silica taken 
away in solution followed the natural drainage courses, surface and under- 
ground. The Giants range is regarded as having been uplifted at the time 
of the gabbro outflows, and to have been caused by them. 

Urief descriptions are given of the following mines: Hi wabik. Cincinnati, 
Canton, Kanawha and Hale, Missnbe Mountain, Ohio, Lake Superior. New 
England, Virginia, Paddock's, Lone Jack, Wyoming, Security, Great 
Western, Rouchleau, McKinley, and others. 

The general economic features of Mesabi iron mining are discussed, 
Bitch as method and cost of mining, quantity of ore, transportation, value 
to the State, etc. 

WiseiiKU.. N. H. The crystalline rocks. Geological and Naturnl History 
Survey of Minnesota. Twentieth Annual Report. ISitt, page* 1-2*. 

Professor Winchell discusses the general age of the crystalline rocks 
of northeastern Minnesota. 

The Animikie series lie beneath the Keweenawan and above the 
Keewatin rocks. The Animikie and the Keweenawan together constitute 
the Taconic or Lower Cambrian. This series is characterized by a great 
quartzite associated with the iron ores and cherts. The quartzite (Pewabic) 
lies unconformably on all the older rocks. It often is conglomeratic, 
bearing debris of the underlying formations. Within it are mingled 
volcanic tuffs from contemporaneous eruptions. The Pewabic quartzite 
includes that of Pokegama Falls, on the Mississippi Hiver, and of Pipestone 
Count)'. In the vicinity of contemporaneous volcanic disturbances its 
grain is fine, like jaspilite, and sometimes it has acquired a dense crystalline 
structure from contact with the gabbro. 

Bayi.ky. \V. S. Actinolito- magnetite schist* from the Mosal>i iron range in 
northeastern Minnesota. Am. Jour. Sri.. 3d series. Vol. XLV1. 181*3, puge* 
ITU- ISO. 
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The aetinolite-iiiiignetiie-schisUi from the iron-hearing formation in the 
vicinity of Birch Lake are here described, and attention is called to their 
similarity to the actinolite-magnetite-sehists of the Penokee-Gogebic district, 
described by Van Hise and Irving. 

Winchkll. N. II. Some problems of the Mesabi iron ore. Geological anil 
Natural History Survey of Minnesota, Twenty-first Annual Report, 18!»3, pages 
134-143. See also Am.' (tail., Vol. X. issnj, iwges I»KM7». 

There is hero given a general account of the rock succession and 
occurrence of iron ore in the Mesuhi range and a discussion of tho origin 
of the iron ore. It is concluded: 

F!r*t. The Meaabi ore is not satisfactorily explnined by any theory that has 
yet been proposed for it, or for it* equivalent (Gogebic) ore on the south side of the 
great lake. There are some facts that favor all of the theories that have been pro- 
posed, but they meet with opposiug facts of greater import. 

AW. There is but one known cause ncting with sufficient force, and on a 
geographic area sufficiently wide, to which we can appeal for the geographic and 
stratigraphic distribution of this ore — and that is ot-eauic sedimentation. That there 
has been a profound change in the sediments since their origination is quite evident; 
but whether this change took place, in whole or in part, prior to consolidation or 
after it is a* yet unknown; and if after consolidation it is equally unknown whether 
it was accomplished in Taconic or in Recent time. Then* seems to have been some- 
thing peculiar either in tho naturo of tho sediments of this horizon or in the influ- 
ence* to which they have been subjected, and this peculiarity is expressed on both 
sides of the Lake Superior basin. 

Wischkll. N. H. Field observations in 1M*2. Geological and Natural History 
Survey of Minnesota, Twenty-first Annual Report, 1S93, pages 71M34. 

Here is a brief description of the following mines: Hale, Cincinnati, 
Biwabik, McKinley, Missabe Mountain, Security, Virginia; the exploration 
of the Mesaba Syndicate Company iu sec. 27, T. 60 N., R. 13 W. 

Mention is made of a green dike in the iron formation in the N\V. \ 
of NK. \ sec. 32, T. 60 N., R. 13 W. 

The magnetic and siliceous nature of the ore in the eastern part of the 
range is again emphasized, and attention is called to the fact that this part 
of the range is not likely to be productive. 

Eljtman, A. II. Preliminary report of field work during ISM in northeastern 
Minnesota. Geological and Natural History Survey of Minnesota, Twenty-second 
Annual Report. 1894. pages 15»-l*t!». 
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Mr. Elftman gives a detailed petrographical description of the 
actinolite-magnctite-schists of the iron formation on Hireh Lake and south- 
westward through T. 60 X., R. 12 W. The description is accompanied 
by a geological sketch map of the area. In approaching the gabbro 
contact, augite and olivine appear intimately associated with the actinolite 
and magnetite of the Auimikie schists. The black slates, also, in the 
proximity of the gabbro, are chauged to quartz-biotite-sehists. 

The l'ewabic quartzite at the bottom of the Animikie is not found east 
of Iron Lake. The black slates are not found east of the Dunka River. 

Outcrops of the Animikie below and inclosed by the gabbro between 
Birch Lake and Akeley Lake have the same lithological characters and 
composition as the actinolite-schists at Birch Lake, and are therefore 
included in the Animikie. 

The actinolite-magnetite-sehists correspond very closely in petro- 
graphical character and origin to those in the Penokee-Gogebie series 
described by Van Hise and Irving. 

Sittrr, J. E. Preliminary report of field work done in 18S»3. Geological and 
Natural History Survev of Minnesota, Twenty-second Annual Report. 181*4. page* 
115-124. 

Mr. Spurr describes the general features of the Mosabi range. The 
Giants rango granite (Laurentian) is found to be intrusive in the Keewatin 
schists. The Keewatin schists vary in origin, some being undoubtedly 
igneous and some detrital. Near the contact with the granite they have 
been metamorphosed into hornblende and mica-scliists, which have hereto- 
fore been called Coutchiching or Vermilion, and assigned to a lower horizon 
than the Keewatin. The Animikie rocks lie unconforiuably u)>on the 
Keewatin schists. 

The succession and structure are represented in a north-south section 
across the Mesabi range, passing through the town of Mountain Iron. 

Srmit, .F. E. The iron-hearing rocks of the Mcsuhi range in Minnesota. Geo- 
logical and Natural History Survey of Minnesota. Bulletin No. lo. lam. pages l-2»!.>. 
With 3 colored maps and S plates. See also Am. Geol.. Vol. XIII. 1804, pp. 335-345. 

Mr. Spurr was the first to make a systematic studv of the origin of the 
ores, and his conclusions, published in this report, are of much interest. 
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The oldest formation of the district is the Keewatiu, the most common 
rock of which is green schist, hut associated with this, especially near the 
granites, are hornblende-schists and mica-schists. The schists have a 
regional cleavage, which is nearly uniform in trend, about north 70 degrees 
east and nearly vertical. Next in age to the Keewatiu schists is the 
hornblende-granite of the Giants range. This range has an average 
width of about 10 miles, and its direction is the same as that of the 
schistosity of the Keewatiu rocks. The granite is intrusive in the schists, 
as shown by numerous fragments embedded in it, by stringers of the 
granite in the schists, and by the metatuornhism of the schists adjacent to 
the granite. 

Unconformably upon the Keewatiu and granitic rocks is the Animikie 
series. The Animikie series has no marked folding, slat}* cleavage, or schis- 
tose structure. The rocks of the series are in a gentle southern monocline, 
dipping perhaps 10 or 15 degrees east of south. This monocline has gentle 
undulations, with axes parallel to its dip, and in the Virginia area has been 
faulted. The amount of disturbance is greater adjacent to the central part 
of the district, where are found the Keweenawan rocks. It is probable that 
the weight of the Keweenawan rocks has produced a sinking in the area 
south of the Animikie, and that this has produced the tilting. The Anim- 
ikie series may be divided into three chief members — the IVwabic quartz- 
itc, the iron-bearing member, and the upjMjr slates. The Pewabic quartzitc 
is a fragmental rock, indurated by the enlargement of quartz grains. It 
occasionally passes into a fine-grained conglomerate." The iron-bearing 
member is composed of peculiar rocks, presenting no resemblance to the 
Pewabic quartzite or to the upper slate. The upper slates are of great 
thickness, and have at their base an impure limestone, ofteu dolomitized or 
sideritized. 

The part of the iron-lx>aring member from Pokegama Falls to Embarass 
Lake is called the western Mesabi range, that from Embarass Lake to 
Gunflint Lake, the eastern Mesabi rauige, and from Gunflint Lake oast, the 
international boundary area. The description of the iron-bearing member 
below applies to the western part of the district. The iron formation has a 
thickness varying from 500 to 1,000 feet, with an average of about 800 
feet. The dip varies from less than 10 to as much as 30 degrees, the aver- 
age being 10 degrees. The width of the formation varies correspondingly 
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from 2 or 3 miles to less than half a mile, the average width being 1 mile. 
Resting upon the iron-bearing member is a great thickness of fine-grained 
slates, at the base of which is locally an impure dolomitic limestone. When 
this limestone is present the contact between the iron-bearing member and 
the upper slate can not be distinctly located. 

The least altered phase of the iron-bearing member is a rock called 
taconyte. which consists of a background of cryptocrvstalline, phenocrys- 
talline, and chalcedonic silica, in which are numerous granules. These are 
composed of glauconite, siderite, hematite, magnetite, limonite, and crypto- 
crystalline silica, in the very freshest phase, the two former being predomi- 
nant. One of these fresher phases showed, by analyses, alxtut 35 ]>er cent 
of siderite and 65 per cent of glauconite. 

In terms of percentage of the entire rock the glauconite contains the 



following bases: 

Per vviil 

Alumina Ul.0,1 1.35 

Sr*jnioxirle of iron (Ke,0,) I.flfl 

Protoxide of iron ( Ft;0) ft. 4fl 

Lime (OaO) «3 

Magnesia iMjrO) 92 

Water ( H,G) «2 

(Xa,0) 11 

PoUaii <K,0) 10 



Total 12. 1H 



Since silica can not be separated from the free silica in the rock, its 
percentage is not known, but assigning the percentage of 50, which is the 
usual content of silica in glauconite, the composition of the green granules 
of the Mesabi iron formation, supposedly glauconite, is as follows: 



Hili.n (SiO.i SO.00 

Alumina (Al/V 5. 54 

Senquioxirie of iron ( Fe,0, ) H. OTi 

Protoxide of Iron (FVO'j 26.55 

l.ime i CaO l 2.59 

Matrnma ( >f gO I .1. 7H 

So«lii (Na,° i +' 

P..tash (K,o) 41 

Water <H,0} 2.54 

Total IW.82 



In the freshoBt phase were seen, in thin section, probably detrital 
original grains of carbonate, recognized by their cleavage as calcite or 
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dolomite. From the taconytc, by a complicated series of meta»omatic 
changes, there have <leveloped cherts and jaspers, which are sideritic, 
hematitic, magnetitic, or actinolitic, or two or more of these combined. 
During the process the chert and iron oxides were largely concentrated in 
alternating bands. The cherts and jaspers are frequently concretionary 
and brecciated. The)- have often a prismatic jointing and horizontal 
parting. 

These transformations were caused by downward-percolating' waters, 
carrying as the chief agents oxygen and carbonic acid, and as subordinate 
agent* sulphuric acid and alkalies. In the changes from glauconite and 
aiderite to the oxides there was an important shrinkage of the mass, and 
this has resulted in the brecciation, prismatic jointing, horizontal parting, 
and banding. The prismatic jointing is analogous in its formation to the 
shrinkage of basaltic columns of lava. The horizontal parting is caused 
by a later shrinkage along the least diameters of the columns formed by 
the prismatic jointing. The banding is due to the removal of silica and 
the entrance of iron along the parting. 

The ore deposit* rest upon the Pewabic quartzite, or upon the hard 
and little altered iron-bearing rock, in areas of especial weakness or dis- 
turbance, as (1) actual fault lines, (2) incipient fault lines, (3) apices of 
anticlinal folds and the troughs of synclineB. These are places of fracture, 
and where abundant waters were converged often form wide areas, and 
therefore places where large quantities of iron were supplied. The down- 
ward-percolating water, taking glauconite or iron carbonate in solution, pre- 
cipitated the iron as oxide in those places where there was an abundance of 
oxygen, and at the same time took the silica in solution, thus forming the 
ore lxtdies. Between those of the largest size and the small local concen- 
trations there arc all gradations. The larger deposits of ore occur where 
they are protected from glacial erosion on the north by a hard ridge of the 
Keewatiu rocks, especially when the hard rocks give slight elevations on 
either side, so as to present a basin-like depression. 

The glauconite in origin is believed to be the same as modem glauco- 
nite*; that is, it has developed within forainiuifcra and other minute shells, 
as a result of a reaction between the organic matter within the shells and 
fine ferriferous clay As the formation contains only a small quantity of 
iU-dinary fragmontal quartz grains, it formed in water nt a depth beyond 
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which much of these materials whs deposited. As its upper horizon grades 
into limestone, this indicates a further subsidence of the area, so that the 
distance from the shore line became so great that very little mechanical 
detritus was furnished, and the deposit was made up of calcareous matter. 

In the eastern Mesabi district the Animikie strata are pierced and 
intermingled with the northern border of the Keweenawan rocks, so that 
their normal attitude is often much disturbed. With this change the iron 
of the iron-bearing member becomes largely magnetic and the silica hard 
aud crystalline. It is concluded that the iron before Keweenawan time 
was here in the state of sesquioxide. and that the heat of the igneous 
Keweenawan rocks and the disturbances of the Animikie series produced 
by them are the causes of the change of the sesquioxide of iron to its mag- 
netic form. Thus the normal process of decomposition aud concentration 
wan brought to a close, and this probably explains the poverty of this part 
of the district in large ore de[>osits. 

At the ba*e of the Cretaceous are ferriferous detrital deposits derived 
from the Animikie. A study of these indicates that the metasomatic 
processes had gone far before Cretaceous time, although the}- have since 
continued to the present time. 

UriMM, Warren. Preliminary report of field work during 1*1*3 in northeastern 
Minnesota, chiefly relating to the glacial drift. Geological and Natural History 
Survey of Minnesota, Twenty-second Annual Report. 18S*4, pages 18-06. 

Mr. Uphani here gives a general discussion of the general geology of 
northern Minnesota. The area of the Mesabi range between Ilibbing and 
the west end of the range is shown to be occupied by the Tenth or Itasca 
moraine; between Hibbing and Embarrass River, by morainal material 
representing the merging of the Itasca moraine and the Mesabi or Eleventh 
moraine; eastward from Embarrass River to Birch Lake, by the Mesabi 
moraine. 

1-41 

Bayi.kv. W. S. The hash- massive rocks of the Ijake Superior region. Jour. 
Geol., Vol. I. 18!»3. pp. 4SW-45«. 5S7-5SW. 6>8-71tS; Vol. II. ls'.H. pp. 814-825: Vol. 
Ill, 181»5, pp. 1-20. 

A detailed petrographic description of the gubbro aud related rocks of 
northeastern Minnesota. 
mon xi.iti— o:t - 4 
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Van Hise, t,'. R. Principle* of North American prc-Cnmlirian geology. 
Sixteenth Ann. Rept, 1*. S. Gool. Survey. Pt. I. IK!<6. page 7'». 

The upper series of Mesabi and its eastern er|uivalent, tlio Aniniikio, 
are correlated with the Upper Huroniau division of the Algonkiau (as in 
Bull. 86), and is placed as equivalent to the Aniinikie and the Keewatin 
scries of western Ontario, the Upper Vermilion series of the Vermilion 
district of Minnesota, the Upper Marquette series of Michigan, the western 
Menominee series, the Upper series of the Penokee-Gogebic district, the 
Chippewa, the Baraboo, Minnesota, and Dakota quartzites, the Wisconsin 
Valley series, the Upper Felch Mountain series, and the St. Louis slates of 
Minnesota. 

lhiOS.. 

Elftman. A. H. Geology of the Keweenawan area in northeastern Minnesota. 
Am. Geol.. Vol. XXI, 18lt*. pp. i<0-l01>. 175-18S; Vol. XXII. 1S88, pp. 131-149. 

This report includes a detailed description of the gabbro and a brief 
account of the contact effect of the gabbro on the underlying rocks. The 
glacial history of the northern part of the State is reviewed, but no features 
are given in addition to those previously published by Upham. 

1*00. 

Winchkix, N. H.. and Grant, I*. 8. The geology of Minnesota. Geological 
and Natural History Survey of Minnesota, Final Report, Vol. IV, 1899. Illus- 
trated by 31 colored geological plates, 48 pliites of photographic views, and 114 
figures. 

This volume is accompanied by detail maps of the Mesabi district, 
a general map of the district, and maps of the counties in which the Mesabi 
district occurs. The county maps and the detail maps of the Mesabi are 
made subjects of special chapters. The maps are far in advance of any- 
thing thus far published, and are specially accurate with reference to the 
iron-bearing formation. While the main features of the geology are essen- 
tially the same as those given in previous reports of the Minnesota survey, 
there are a number of minor modifications in interpretations of the geology. 

The general succession for the area west of Birch Lake is, from the 
top down: 



Digitized by Google 



SUMMARIES OF LITERATURE. 



51 



Archeari. 



.Swvvjmi'om „f ,\,r„,.lHo„> u:M „l Hirrt, hit,. 

(KlarM <lrifll {!L Ul ,,I "' 1, ' at ' n K 

I Terminal moraine*. 

Cretawoiih Shalcc, flays, ni 

OtWian I lower division of Keweenawan ) t.Jahliro. 

I"pi>er t>latc#. 
Mack slate*. 
Taeonyte ( iron ore) . 
I' >kt'£ajiin ijuartzite. 
Granite »|*».t-Kecwatin>. 
tiiwnstoncs. 

Micn-whblo (in ]>art in Kecwatin ) 
Pcwahk- .|iiarl/.ile nn.i iron ore. 
l-ower Keevratin. 

Spurr's theory of the origin of the ores from the alteration of glauconite 
grains is accepted. 

In some places the bottom of the Auimikie is distinctly taconitic and 
ferruginous, while in others it is distinctly quartzitic and conglomeratic. 
The Pokegama qunrtzite is thus not a continuous formation and is believed 
to blend into tho iron-formation strata in places. 

The "quartzitic rocks" extending eastward from Iron Lako near the east 
side of range 12, and geographically continuous with the Pokegama quartzite 
and iron formation, are mapped and described as Pewabic quartzite." The 
Pewabic quartzite is a rock in which griinerite. magnetite, enstatite, diallage, 
hypersthene, olivine, and other minerals characteristic of the gabhro contact 
have been developed and is supposed to have resulted from the alteration of 
a jaspilitic phase of the Keewatin. The altered Pokegama and Pewabic. 
quartzite* are difficult to distinguish. The Pokegama quartzite usually dips 
less than 2ft degrees, becoming horizontal, and the Pewabic usually more 
than 75 degrees, becoming vertical. The Pokegama quartzite is associated 
with taconitic iron ore and the Pewabic with jaspilitic The former is not 
known to he titaniferous ; the latter is usually distinctly titaniferous. The 
Pokegama quartzite is never associated with the peculiar muscovadyte, but 
the Pewabic is never without it. The Pokegama quartzite, with its taconitic 
companion, is known to be overlain by the black slates of the Animikio, and 
occurs only westward from Iron Lake. The Pewabic quartzite is overlain 
and underlain invariably by muscovadyte, or by "gabbro," where the altera- 
tion was intense, and occurs onlv eastward from the vicinity of Iron Lake. 



" The conclusion that the Pokegama quartzite hlwuls into the iron formation an«l in rcplacvil to 
the ca.«t !>y the lVwahic <|uartiitu ie one tvarhcl hy I 'rofensor Winrhell. I*rofes«or (iranl, in hi* |ior- 
tiotif of tho volume, rornrtlw the quartzite as a |>ei>ii<1< iit horizon at the ba«t of the Auimikie series in 
the wctcm |*rtion of tiic district. 
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The Keewatin rucks in the part of the district west of Birch Lake ore 
not subdivided in the mapping, but in rook cuts along the railway in sec*. 
15 and 22, T. 58 X., R. 17 W., Dr. V. S. Grant observed certain coarse 
fragmental rocks on the basis of which he suggests a division of the 
Keewatin into n lower igneous portion and an upper fragmeiital portion 
(pp. 372-374). 

The evideuce for faulting in the Virginia area, given by Spurr, is 
considered inadequate. 

Eastward from Birch Lake, in the gabhro, are isolated areas of banded 
ferruginous quartettes and olivinitic iron ores which are regarded as parts 
of the Aniniikie caught in the gabhro flow. These are found in the 
following locations: Just north of Muskrat Lake, in sec. 30, T. f,2 X., 
K. 10 W. : south of Disappointment Lake, in sec. 4, T. 03 X., R. 8 \V.; 
northwest comer of Thomas Lake, in sec. 29, T. (>4 X., R. 7 \V.; north 
side of Fraser Lake, in sec. 23, T. 04 X., R. 7 W.; in sec. 20, T. i'A X., 
R. 6 W.: south side of Gabbemichigamak Lake, in sec. 1, T. 64 X, R. (J W. 
Similar rocks are found to the east in a bolt running through Chubb, 
Akeley, and Gunfliut lakes, but as these lakos are in the area covered by 
the monograph on the Vermilion district their geology is not summarized. 

The petrography of the gabbro itself is briefly described. 

looo. 

Winchkm., X. H. Structural geology of Minnesota. Geological and Natural 
History Survey of Minnesota. Final Keport, Vol. V. ltKK), jiiiges 1-Kf). i*72-l<XM». 

This volume contains Professor Winehell's final conclusions on the 
general geology of northern Minnesota and the origin of the Mesabi iron 
ores. While much of it does not concern the Mesabi district, it is here 
fully summarized in order to show Professor Winehell's latest correlation of 
the Mesabi geology with that of adjacent areas. (See discussion of correla- 
tion, pp. 800-205.) 

The ancient rocks of northern Minnesota are placed in two main 
systems, the Archean and the Tsieonie. The former is further subdivided 
into the I pper and Lower Keewatin, separated from each other by an 
unconformity. The Pewabic rpiartzite (see almve summary of Vol. IV) also 
is placed with the Keewatin, but is not assigned to either of the main divi- 
sions. Overlying the Archean with strong unconformity is the Tueonic, 
represented by Aniniikie and Kewecunwtin rocks, these divisions being 
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supposed to represent respectively the Ix»wer and Middle Cambrian of 
other parts of the country. The Coutchiching and I^aurentian rocks before 
mapped as separate formations are now included within the Keewatin. 

Lower Keew.tin. — The Lower Keewatin comprises greenstone, with asso- 
ciated surface volcanic* which are both subaerial and subaqueous, argyllitic 
slates, siliceous schists, quartzites, arkoses, " green wackes," irou ores, and 
marble. 

The greenstone, designated the Kawishiwin, is the oldest known rock 
in the State, and is supposed to represent a portion of the original crust of 
the earth. With its associated volcauic rocks it occurs in two main belts. 
The southern belt begins in the vicinity of Gunrlint Lake and extends west- 
ward by way of Gobbemichigamiua Lake, the Kawishiwi River, and White 
Iron Lake, to Tower, and indefinitely westward. The northern belt of 
greenstone enters the State from Hunters Island, apj>earing conspicuously 
at the south side of Kasswood Lake. At Pipestone Rapids and Fall Lake 
it widens southward and apparently unites at the surface with the southern 
belt, the overlying Upper Keewatin l>eing absent for a distance of a few 
miles. Hut farther west it is again divided by the Stuntz conglomerate, the 
northern ami running to the north of Vermilion Lake, west of which its 
extension is unknown, and the jwitfhcrn one running 4011th of the lake. 

The fragmental stratified ; rocks of ; the Lower Keewatin are most 
important toward the western.- part* of: the area: of jexposure of crystalline 
rocks. They occupy a wide area, south, west, and north of Tower. The 
iron ores of Tower and Ely on the Vermilion iron range occur in the upper 
part of the Lower Keewatin. It is probable that the immediately inclosing 
rock is a sedimentary one, although composed of the elements of a basic 
eruptive. The sediments extend south to the Giants range of granite, 
where they are metamorphosed to mica-schists by the granite. Toward the 
west they extend a* far as the Mississippi River and its northern tributaries 
and across the Bowstring, although the drift prevents the delimitation of the 
belt. To the northwest they extend toward Rainy Lake, in this direction 
being converted into mica-schists and gneisses by the intrusion of granite; 
in unmodified form they are found at one point only on Rainy Lake. 
These fragmental rocks of the Lower Keewatin doubtless also underlie 
most of the central and southwestern part of the State as far as the Minne- 
sota River. Here they dip beneath the later formations in the southwestern 
portion of the State, and probably occupy a wide patch in South Dakota. 
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South of the Giants range they occur also, but a* they are covered by the 
gabbro and Animikie toward the east and the drift deposits of the St. Louis 
Valley toward the west their geographic boundaries are mostly unknown. 
They appear in the central and western portions of Carlton County, where 
their line of separation from the Upper Keewatin is quite obscure, and in 
the central and western portions of Morrison County. The Lower Keewatin 
marble is seen at Lake Ogishke-Muncie and at Pike liapids, on the 
Mississippi. 

The Lower Keewatin was terminated by a period of extensive folding 
and intrusions of granite and basic rocks. 

Hie Pewabic quartzite belongs with the Keewatin, but whether to the 
Lower or Upper Keewatin is not known. This formation includes altered 
quartzites and iron ores between the granite and gabbro in the immediate 
vicinity of Birch Lake and small patches of similar rocks in sec. 30, 
T. G2 N., R, 10 W.; on the south shore of Disappointment Lake; on the 
north shore of Fraser Lake; on the south shore of Gabbemichigamma; at 
Akley Lake, forming the so-called Akley Lake series extending from the 
west side of sec 34, T. 6;'> X., R. 5 W., to the eastern part of sec. 27, 
T. 65 X., H. 4 \V. 

upper K«w. t in. — The", FpperVK^Ayiitju 3"5Xtirs in troughs in the Lower 
Keewatin, particularly in orte'ln^hrtnUi^h axis of which is traceable 
from Vermilion Lake to'.SJfignnflga'. tuifctf. •' The northern arm of this svncline, 
consisting of granites, gneisses, associated mica-schists, and in some places 
earlier greenstones, extends from the northern part of Vermilion Lake through 
Basswood Lake to the northern side of Hunters Island. The southern arm, 
consisting of Lower Keewatin green schists and other schists, penetrated 
by the granite of the Giants range, extends from Pokegama Falls on the 
southwest toward the northeast until cut out by the encroachment of the 
gabbro from the south. The Upper Keewatin consists very largely of con- 
glomerates, but also includes gravwaekes. argyllites, quartzites, and jaspi- 
lites, in general coarser than those of the Lower Keewatin. Volcanic rocks 
are less important than in the I^ower Keewatin, although still present. 
There is no general order of succession in the Upper Keewatin excepting 
that it can be said that it is in general conglomeratic at the bottom. 

After Upper Keewatin time l>oth the Lower and Upper Keewatin 
were subjected to another folding, the axis of which had a general paral- 
lelism with the earlier foldiug, with the result that the Upper Keewatin lies 



Digitized by Google 



SUMMARIES OF LITEUATL'KE. 



55 



in nuiTow synclines in the Lower Keewatin and in places is nearly or 
quite vertical. 

Associated with the Keewatin rocks are granites of sit least two periods 
of intrusion, one later than the Lower Keewatin and one later than the 
Upper Keewatin. The later granite is believed to be represented bv the 
higher parts of tlie Giants range and the Snowbank Lake granite. The 
earlier granite is represented by the granites at Kekequabic Lake, Sag- 
anaga Lake, Basswood Lake, Bumtside Lake, Vermilion Lake, Lac la 
Croix, and Kabetogoma Lake. The origin of the granite is discussed and 
the same conclusions are reached as in a previous article." 

Tta«Tw»Dk. — This is unconformable - above the Keewatin rocks. It 
comprises the Animikie and Keweenawan divisions. 

The Animikie rocks enter the State at Pigeon Point and run westward 
along the international boundary to the eastern part, of sees. 22 and 27, 
T. 65 N., R 4 W. They reappear again southwestward from Birch Lake 
on the northwest side of the gabbro mass, and thence continue along 
the south side of the Giants range, constituting the Mesabi iron series, to 
Pokegama Falls. The higher parts of the Animikie are best developed 
toward tbe east, while the lower parts are best developed toward the west 

The Animikie rocks comprise the Pokegama quartzite, Mesabi iron- 
bearing formation, and some limestone and slate, all strictly conformable 
with one another. The thickness is several hundred feet, sometimes reach- 
ing nearly 1,000 feet. The dip of the series is uniformly to the south. 
H to 12 degrees. 

The iron-bearing formation and the Pokegama quartzite constitute the 
base of the formation. The quartzite in places is beneath the iron forma- 
tion: in other places it is in the same horizon, and in still others is above 
the iron formation. Commonly the base of the Animikie is marked by a 
conglomerate containing debris from the underlying Keewatin rocks. This 
is a narrow horizon which soon graduates upward into a quartzite known 
as the Pokegama quartzite from its typical development near Pokegama 
Falls, on the Mississippi River The thickness of the quartzite is not 
known to exceed T>0 feet and is sometimes less than 25 feet. 

AIh»vc the quartzite, or in alternating beds with it, or below it, 

"Tin- origin i>( thp Arrtivan itnM*m» nx-k.*, I>y N. H. Winclit-l): I'm*', Am. Awn-. A<lv. S,-i., 
Vol. XI.VII, ixlis, pp. 303,' :m lalMrad i; nl-o Am (i.i.l.. Vi.l XXII, 1S!IH, pp, SM-310: «um- 
umm,-<\ in J..ur. Uc-nl.. Vol. VII. !*!«•. ,,. |<.j 
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t appears the iron-bearing or tnconyte member of the Animikie, which 

contains the iron-ore deposits of the Mesabi iron range. The ore is 
usually hematite in the western part of the range and magnetite in the 
eastern part. 

ori«inofor«. — The ore wrs previously supposed to have been derived 
from the alteration of a greenish glauconitie sand rock, but later work has 
seemed to show that the green sand is a volcanic sand, and that the so-called 
taconitic rock itself has resulted from igneous forces. This is accounted 
for by supj>osinj? a chain of active volcanoes to have existed where the 
Mesabi iron range is now found. These volcanoes yielded flows and 
ejectamenta to the adjacent waters, which have been modified into the various 
phases of the iron formation now seen. This volcanic epoch may have a 
deep-seated connec tion with the Cabotian or lower division of the Kewee- 
nawan (described later). 

Above the iron- bearing member is an impure, dark-colored limestone a 
few feet in thickness, not exceeding 20. It extends apparently the whole 
length of the Mesabi range, but has been identified in two places only, sec 
7, T. 58 X., R. 17 W., and doubtfully on the shores of Gunflint Lake. 
This limestone may be regarded as the basal horizon of the next over- 
lying rock. 

The black slate is probably several thousand feet in thickness and 
constitutes the bulk of the Animikie. In the neighborhood of Gunflint 
Lake it has been divided by Dr. Grant into a lower black shite division 
and an upper graywacke-slate division, both of which members are 
interleaved with diabase sills. 

In the Indian reservation at Grand Portage and at various places 
along the Grand Portage trail is a graywacke. which is supposed to overlie 
the black slate member, but its extent and stratigraphical position have not 
been satisfactorily established. 

.The top of the Animikie has not l)een identified. The first recognizable 
datum plane after the close of the Animikie is the Puckwunge conglomerate, 
supposed to be the fragmental base of tho Keweenawan. 

At one or two places southwestward from Birch I^tkc, and at Little 
Falls, on the Mississippi River, and in Morrison County, the Animikie has 
been converted into a mica-schist. 

The age of the Animikie is believed to be Lower Cambrian for the 
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following' reasons: It grades upward into Upper Cambrian rocks, as seen 
on the south side of Lake Superior. The derivation of the iron ores from 
a glaueonitie green sand indicates that large quantities of foraminiferal 
organisms once lived in the Animikie Ocean, and Matthew has shown the 
existence of foraminiferal organisms associated with the iron ore in the St. 
Johns group of New Brunswick. Further, the Animikie has a uniformly 
low dip, while the lower strata are all highly tilted. There must therefore 
have lwen a great lapse of time between the deposition of the two series. 

n>« k«w»«b.w»b. — The Puckwunge conglomerate is taken to be the frag- 
mental base of the Keweenawan, although certain igneous rocks which 
antedate it, and which, perhaps, are contemporaneous with the upper 
portions of the Animikie, are also called Keweenawan. The conglomerate 
is found at Grand Portage Island, at Isle Royale, on the Baptism River, at 
Little Marais, on Manitou River, at the deep well at Short Line Park near 
Duluth, and at New Ulm. 

Above this conglomerate are conglomerates aud sandstones of 
Keweenawan age which are stratified with lavas of diabasic nature. Still 
higher up the eruptive rocks become less in quantity and the fragmeutal . 
rock is a sandstone, known as the Hinckley sandstone, quarried in the 
gorge of the Kettle River in Pine County. This in turn grades up into 
typical Upper Cambrian sandstones of the St. Croix Valley. The term 
Potsdam is restricted to the Puckwunge conglomerate and the hardened 
quaitzites immediately overlying it, represented by the Sioux quartzite, 
the Baraboo and Barron County quartzites of Wisconsin, the quartzite at 
Grand Portage Island and west of Grand Portage village, the New Ulm 
quartzite in Cottonwood County, and the quartzito in Pipestone County. 

The igneous rocks of the Keweenawan vary in ago from late Animikie 
time to the top of the Keweenawan series. They are divided into two 
groups, the Cabotian or Lower Keweenawan and the Manitou or Upper 
Keweenawan. 

The Caltotian division includes gabbro and contemporaneous red rock 
and their surface lavas, and all other dikes and sills which are associated 
with but are younger than the Animikio clastic rocks and which are older 
than the l*uckwunge conglomerate. The lower member of the Cabotian is 
the gabbro, which covers an enormous area. It extends on the east to 
East Greenwood Lake, in T. 64 N.. R. 2 E. On the north it is bounded by 
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the Animikie strata of the Mesabi iron rang*. Its westenunost exposure 
is in tiie vicinity of Short Line Park, Duluth. The southern limit is 
irregular, swinging from East Greenwood Lake in a zigzag manner through 
T. 63 N., It. I W. ; T. 02 N., II. 2 W. : T. 62 X., 1L 4 W. ; T. 60 N\, H. 6 W.; 
T. 60 N., K. 7 W. : T. 58 N., K. 10 W., and T. 55 N., It, 11 W., to Duluth. 

Along the northern and northwosteni side of the great gabbro mass 
the gabbro is plainly intrusive on the older formations, Animikie and 
Keewatin. 

From the northern border of the gabbro man)' sills offshoot and 
penetrate the Animikie strata parallel to the bedding. These are known 
ns the Logan sills. 

Near its contact with the underlying rocks, both the Animikie and the 
Keewatin series, there are various altered rocks which can be connected 
in places with the gabbro and in places with the underlying rocks. To 
these altered rocks the term "inuscovadyte" has been applied. It includes 
the various so-called peripheral phases of the gabbro. 

On the southern and eastern bonier the gabbro is penetrated by and 
• penetrates in a confused manner the ml rock, with which it alternates both 
structurallv and areally. It is believed to have resulted from the meta- 
morphism bv the gabbro of the Animikie, and perhaps earlier fragmentals. 

As the granites of the Archean are believed to have resulted from the 
softeniug of acid fragmentals, so the jrabbro may have been the result of 
the metatnorphisin or re-fusion of the Keewatin greenstones. 

The auorthosite masses of the Beaver Bay diaba.se, supposed by Law- 
son to be of Archean age and to underlie unconformablv the Heaver Bay 
diabase, are lxdieved to represent segregation phases in the main gabbro 
How, and to be the same as auorthosite masses in the gabbro proper to the 
we*t. 

The Beaver Bay dialuisc is believed to represent the upper portion ot 
the great gabbro flow, and to be due to the first and greatest movement 
(if the gabbro toward Lake Superior. The Logan sills belong to this part of 
the gabbro flow. 

. The Manitou division of the Keweenawan includes the surface flows, 
sills, and dikes which accompanied and followed the Puckwunge conglom- 
erate. These eruptives, with the elastics associated with them, do not have 
a thickness in Minnesota of more than 1,000 feet. These lava sheets extend 
along the shore of Lake Superior from near Baptism River to near Grand 
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Marais, except where replaced at intervals by the Heaver Hay diabase or 
some ot the intersheeted fragmentals. They occur also in the neighbor- 
hood of Grand Portage Hay, but their extent here is not definitely known. 

ototrti. — The most important petrological conclusions determined from 
the examination of the Minnesota crystalline rocks are three in number: 

1. All the granites of the Archean can be explained on the assumption 
that they are intrusive* representing the metamorphosed conditions of clas- 
tic rocks adjacent to the observed intrusions, rendered plastic by the force 
of dynamic metamorphism accompanied by moisture. 

2. The basic Keweenawan gabbro and its derivatives are derived from 
the metamorphism and complete re-fusion of the Archean greenstones and 
their attendants. 

3. The green sand of the Mesabi iron-bearing formation apjwars to 
have resulted from a volcanic sand, and the taconite itself, from igneous 
forces. 

■ 

Grant, 1'. S. Contact mctamorphism of a l»sic igneous rock. Bull. Gcol. Soo. 
America, Vol. XI. page* 503-5 H«. 

Dr. Grant describes the contact inetamorphism caused by the great 
gabbro of northeastern Minnesota on the rocks with which it comes in con- 
tact. These are of particular interest as explaining the character of the 
iron-l>caring rocks of the eastern j>ortioii of the Mesabi range. lit* says: 

That the great ma*, of guhhro at the Imse of the Keweenawan in Minnesota has 
feature* which indicate its intrusive rather than it* extrusive nature; that one of the 
most important of these feature* in the marked contact zone along the lower or north- 
ern Hide of this mass; that in this zone a complete rccrvstallization of the strata hits 
liecn effected, at times for a distance of a few hundred feet from the igneous rock, 
with less pronounced effects extending for a quarter of a mile or more; that the rocks 
resulting from (he contact metainorphisiii of the iron-bearing member of the Aninukie 
are [icculiarly rich in minerals of the luusie rocks-— that is, in aujrite. hypersthene, and 
olivine; that the materials for these minerals were present in the quartz-maguetite- 
amphil>ole slates of the Animikie, and consequently that it is not necessary to con- 
sider these minerals as derived from the galihro, and that the contact effects on some 
altered liasic igneous rocks have lieen to reproduce the original mineral character of 
these rocks and to produce texture* initially similar to true igneous rocks. 

The petrography of the gabbro itself is summarized. 
The above discussion is baaed primarily on facts observed eastward 
from Hirch Lake. 
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Winciieix, N. H. Geological atlas, with synoptical descriptions, Geological 
and Natural History Survey of Minnesota. Final Report, Vol. VI. 1901. 

This atlas contains the inajw published with Volume V of the Minnesota 
survey and in addition a geological map of the State. The synoptical 
description* of the plates contain no features not given in Volumes IV and 
V. The mapping of the iron formation between Dttnka River and Birch 
Lake as Pewabic quartzite is abandoned. 

Van Hise, C. R.. and Leith, C K. The iron-ore deposits of the Lake Superior 
region (the part on the Mesubi districtj. Twenty-first Ann. Rcpt. U. S. Gcol. Survey, 
Ft. Ill, 1W)1, pages 351-370. Accompanied by a map of central portion of the 
district, by C. K. Leith. 

This is a preliminary report on the district, containing a brief account 
of the essential features, more fully described in the present monograph. 
'Hie first announcement is here made of the presence and distribution of 
the Lower Huroniau and Archean series, as these terms are used by the 
United States Geological Survey. Spurr's conclusion that the ores hare 
developed from a hydrous ferrous silicate is confirmed, but the original 
green ferrous silicate granules are thought not to be glauconite, as named 
by Spurr. 

Src*R. .1. K. The original source of the I^ake Superior hum ores. Am. Geol.« 
Vol. XXIX, 11*02. pages 385-341*. 

After the appearance of the above report by Van Hise and l^eith, 
Spurr restated his position, concluding — 

1. That the iron ores of the Mesabi range and the varied and peculiar 
rock types of the iron-bearing formation are derived from the alteration 
ami rearrangement of a sedimentary rock containing large quantities of a 
green hydrous ferrous silicate, in generally rounded, small, separate grains. 

2. That the rocks containing iron carbonate, including the phases 
called rherty siderites and sideritic cherts, are one of the results of alter- 
ation of this original rock, the iron carbonate, and also a huge proportion 
of the silica, being derived from the green silicate. 

3. That the green silicate was formed largely through the agency of 
organic matter. 
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4. That its habit, form, optical and chemical qualities mark it as 
belonging to the class of glauconites, and mark the original rock as a 
green wind. 

5. That in accordance with what is known of the formation of green 
sand, the iron, silica, etc, of which the glauconite is composed were 
probably derived largely from fine land silt; in part, also, from solution in 
sea water. 

6. That the above conclusions probably apply to most of the other 
Lake Superior iron ores. 

For a full discussion of the literature covering the eastward continua- 
tion of the Mesabi range — that is, the area in the neighborhood of Akeley 
and Gunfliut lakes and eastward — the render is referred to Monograph XLV, 
on the Vermilion district. 

f 

ECONOMIC REPORTS. 

In addition to the above reports, dealing mainly with the geology 
of the district, there have appeared a large number of articles on the 
economic features of the district, including descriptions of mines, mine 
methods, cost, production, transportation, etc. Below is giveu a list of such 
of these articles as are signed that have come to our notice. They are so 
uuinerous and so widely scattered in trade journals that it is certain that 
some have been overlooked: 

Bacon, P. S. Methods of working on the Mesabi iron range. Engineering and 
Min. Jour.. Vol. LXIV. 18l<7, pp. 300-3O7. 

Bailey, C. E. Mining methods on the Mc»abi range. Trans. Am. Inst. Min. Engi- 
neers, Vol. XXVII. 1897, pp. 529-53(5. 

Brackknbukt, Cykii,. Methods of mining on the Mesabi range. Mine* and Min- 
eral*. Vol. XXI. 1900. pp. 150-152. 

Cmanmno. J. Pakkk. Lake Superior iron ore. The Mineral Industry; its Statistic*, 
Technology , and Trade to the End of 1894. Vol. III. 1-S95, pp. 375-40-2. 

CnESTF.u. A. H. The iron region of northern Minnesota. Geol. and Nat. Hist. 
Survey of Minn., Eleventh Ann. Kept., 1884, pp. 154-167. 

Denton. F. W. Methods of iron mining in northern Minnesota. Am. Inst. Min. 
Engineers. Vol. XXVII, 1897. pp. 344-390. 

Oj>en pit mining, with special reference to the Mesabi. Proc. Lake Sup. 

Min. Inst., Vol. III. lSiC. pp. 84-!»2. 

Elft.man. A. II. Ore deposit* in Minnesota. YearUjok Soc of Engineers. Univ. 
Minn.. Vol. IV. lS9(i. pp. 115-117. 
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Head, Jekemiah. and Head. A. P. The Luke Superior iron-ore mines and their 

influence upon the product ion of iron and steel. Proe. Inst. Civ. Engineer* 

( England). Vol. CXXXVII. IsiW. pp. 72-102; discussion of sand. pp. 103-130, 

with Plates III and IV. 
Ikx»T. N. P. I^ake Superior methods of mining. Proe. Engineers So*.*. West. 

Penn., Vol. XV. lsittt. pp. »;2-l<)4. 
Lamneus. T. L. Engineering and Min. .lour.. Vol. LIV. lisi»2. p. 57'.t. 
Lonoyear, E. J. Explorations on the Mesabi ninge. Train*. Am. Inst. Miu. 

Engineers, Vol. XXVII. lMt7, pp. 537-541. 
Wariiex, O. B. The Mahoning iron mine. Iron Age, Vol. LXIV, ls'.w, pp. 1-3. 
Weddino. H. Stahl und Eisen, Vol. XVI. pp. 7-13. with 5 illustrations taken 

from the Iron Age and 1 from Harper's Weekly. 
Wilkinson. C. D. Svstcnw of mining in Minnesota iron mines. Yearbook Soc. of 

Engineers. I'niv. Minn., Vol. III. 1S!»5. pp. 47-51. 
Winch ell, II. V. Methods of mining. Iron Trade Review, July 21, 18i*2. 
The Mesabi iron range. Geol. and Nat. Hist. Survey of Minn., Twentieth 

Ann. Rept.. ls!U. Minneapolis. ls!»3. pp. 111-1*0. Trans. Am. Inst. Min. 

Engineers. Vol. XXI. 1»!>3. pp. W4-6S0. 
- The iron ranges of Minnesota. Proe. Lake Sup. Min. Inst., Vol. Ill, 181+5, 

pp. 15-32. 

The I^ake Superior iron-ore region. U. S. A. Trans. Fed. Inst. Min. Engi- 
neers, Vol. XIII. lS<)«-»7. pp. 41)3-5*52. Accompanied by map of the Great 
Ijikes. and <! sections of the Mesabi. 

Minnesota iron mining economically and statistieallv considered. Geol. and 

Nat. Hist. Survey of Minn., Final Report. Vol. IV. ISJ»!>. pp. 5M-«l»i. 

Winchell. H. V., and Jones, J. T. The Biwahik mine. Trans. Am. Inst. Min. 
Engineers, Vol. XXI, 1*03. pp. i»51-!Hil. 

Wixcheix. X. H., and Winchell. II. V. Iron ores of Minnesota, (ieol. and Nat. 
Hist. Survey of Minn., Bull. No. «. 1S!*1. 

Wixriir.Li.. N. H. Geology of the iron ores of Minnesota. Geol. Soc. Australasia, 
Vol. I. I*!>2, pp. 171-1*1. 

The discovery and development of the iron ores of Minnesota. Minn. Hist. 
Soc. Collections. Vol. VIII. Pt. I. 1*05. pp. 25-40, with geoiogi«d nmp. 
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TIIK BASKMKXT COMPLEX, OR ARCH K AX. 

niSTKIJll'TKITf. 

The Archean rocks of the Mesabi district are confined to its central 
portion. They are found north and northwest of Xashwauk, northwest of 
Hibbing: north and northeast of .Mountain Iron; in the southerly projection 
of the Mesabi range known as the "Horn," bounded by the cities of 
Virginia, Eveleth, Sparta, and McKinley; north of Biwabik, and eastward 
to near the east line of R. 16 W. With the exception of the portion of the 
Archenn area east of Embarrass Lake, exposures are sufficiently common to 
allow of a fairly close determination of the boundaries. Kast of Embarrass 
Lake the mapping is based on the presence of abundant Archean fragments 
in the drift. 

Included in the areas mapped as Archean north of Mountain Iron 
are several small patches of Lower Iluronian rocks. Exposures are so few, 
they are so mixed in the same exposure with Archean rocks, and they are 
metamorphosed to such difficultly recognizable forms that their accurate 
delimitation on the general map is not possible. Their distribution, so far 
as worked out, is shown on a special large-scale plat (PI. V). 

K1ND8 OF ROCKS. 

The Archean is represented by doleritos (and their altera! equivalents, 
raetadolerites or diabases), basalts (and their altered equivalent*, metaba- 
salts). dioritos, peridotitcs(?), micaceous, chloritic, and hornblendic schists, 
granites, and porphyritic rhyolites. In abundance the rocks stand in about 
the following order: the micaceous, chloritic, and hornblendic schists, 
basalts, dolerites, porphyritic rhyolites, granites, and diorites. The basic 
rocks have commonly a green color and are usually referred to locally as 
greenstones or green schists. They are so intricately intermingled that 
they are given one color on the general map, but in the area northwest 
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of Hibbing, to illustrate their complexity, they have been separately 
indicated on a special large-scale map (PI. IV). The acid igneous rocks, 
consisting of the porphyritie rhyolites and the granites, arc mapped under 
another color. 

All of these rocks have their counterparts in other iron districts of the 
Lake Superior region. In the Vermilion and Crystal Falls districts, where 
especially well developed, Clements has described each phase in great 
detail. On this account the following description of the rocks of the 
Archean of the Mesabi district is very brief. The names used by Clements 
in the Crystal Kails and Vermilion districts are applied throughout. In 
case the reader desires to know more of the details of the petrography, he 
is referred to the description of the Archean rocks in Monographs XXXVI 
and XLV. 

DOLERITES AND METAOOLBRITES. 

The dolerites are best developed in the great area of Archean mapped 
as extending from Virginia eastward to beyond Biwabik, although occur- 
ring also in the other Archean areas. On the weathered surface they show 
varied shades of green and brown, these colors grading into dirty white or 
light yellow. On fresh fracture the color is characteristically some shade 
of green, commonly a rich dark green. The texture is typically ophitic, 
and varies from coarse to fine. Occasionally a luster mottling or poikilitic 
texture is present. Under the microscope the plagioclase feldspar is 
obscured by alteration products consisting largely of epidote, mica, quartz, 
and kaolin. The feldspar laths interlock to give the ophitic arrangement. 
The interstices arc occupied by secondary hornblende, fine-grained feld- 
spar, and their alteration products, mica, clilorite, and zoisite. In addition 
there are present minute quantities of ilmenite, sphene. and magnetite. 
The rock was originally a typical dolerite, but the alterations make the 
term melailalrrite, or altered dolerite, appropriate for the greater mass of it. 

BASALTS AND METABASALTS. 

The basalts are most closely associated with the dolerites— in fact, 
grade into them — and, like them, occur in the greatest quantity in the 
great eastern area of the Archean. The conspicuous features by which the 
basalts are distinguished from the dolerites in the field are their fine apha- 
nitic and porphyritie textures. Their color on fresh fracture also is 
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frequently a somewhat lighter preen thnn that possessed by the doleritcs. 
Microscopically the basalts .show much altered plagioclasc-feldspar pheno- 
crysts and occasional quartz pheuocrvsts in a very fine-grained, although 
holocrystalline, ground mass. The alterations of the feldspar are the usual 
ones to sericite, epidote-zoisite, and kaolin. The grouudmass consists 
mainly of feldspar deeply discolored by an abundance of secondary 
minerals, including chlorite, zoisite, iron oxide, and .niche. No original 
augite is present and little or no secondary hornblende. The texture is 
sometimes of the fine, even grade known as "crvptocrystalline'' or "micro- 
crystalline," and at others the irregular mottled kind known as "micro- 
poikilitic." With these textures may occasionally be seen a slight arrange- 
ment of the finer constituents, particularly the iron oxide or plagioclase 
laths (pilotaxitic texture), in such a manner as to suggest flowage lines of 
a lava. Rarely, also, the grouudmass shows a spherulitic texture (625 
paces north of the southeast corner of sec. 36, T. 59 X., R. 16 W.), and in 
this case there seems to be a considerable amount of quartz in phenocrysts 
ami in the groundnuts*. The amygdaloidal texture is less rare. It is 
best seen northeast of Biwnhik. The amygdules are filled with quartz 
and with finely fibrous minerals which an? probably zeolites, the latter 
not infrequently so altered as to be visible only under crossed nicols. 
Other common structures are the tuffaeeous and ellipsoidal structures, which 
appear to best advantage on the weathered surface. The ellipsoidal struc- 
ture is typically developed north of Sparta. The ellipsoids themselves 
consist of basalt, and vary in diameter from a few inches to one or two feet. 
They are separated by narrow bands of somewhat lighter or darker basalt. 
The ellipsoidal structure is one supposed to have been induced in the rock 
when it first cooled from an extensive magma, perhaps subaqueous. A 
similar structure has been oliserved at many places in the basic igneous 
rocks of the Lake Superior country and has been fully described by 
Clementa for the Crystal Falls and Vermilion districts." The figures in 
the Vermilion monograph representing the structure in the Vermilion dis- 
trict would represent the structure equally well for the Mesabi district. 

As in the case of the diabase, the alteration of the basalts has lwen 
of such a nature as to make the name "metabasalt" appropriate for most of 
the phases. 

"Mon. It. S. G«>1. Survey Wis. XXXVI ku<1 XLV. 
MON XLHI— 03 5 
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DIORITES. 

The diorites are dark-gray or green rocks, which on weathered surfaces 
resemble hornblende-granite. Their principal constituents are plagioclase 
feldspar and hornblende, hut there are alteration products, including mica, 
chlorite, epidote-zoisite. quartz, kaolin, etc. The texture varies from coarse 
to fine and from granitic to porphvritic. In the latter case the hornblendes, 
frequently showing enlargement, are the porphvritic constituents. 

Hy diminution in the amount of feldspar and increase in the amount 
and coarseness of the hornblende present the diorites grade into coarse 
hornblende rocks, which consist almost entirely of coarse, stumpy, dark- 
green hornblende crystals with random arrangement. Tin? interstitial 
material is plagioclase feldspar and is exceedingly sparse. Ilmenite, 
showing alteration to deeply colored sphene. is present both in the horn- 
blende and in the matrix. The hornblende rocks differ from the diorites 
only in the relatively greater amount of hornblende present, and really 
constitute but a special phase of the diorites. They might perhaps be 
called "hornblend^es,'' but these rocks usually contain a small amount of 
augite. They would fall under the general group of " perknites,'' a name 
recently suggested by Turner ' for rocks consisting largely or entirely of 
monoclinic amphibole or pyroxene. <>r both. 

PERIDOTITE. 

Peridotite has been found in exploration work in sec. 33, T. 59 N., R. 
1"» W. It is not certain that the rock found in this exploration is in place 
and not a float from the north: hence it is but mentioned. 

HORNBLENDIC SCHISTS. 

TJie hornblendie schists are best developed in the area north of 
Mountain Iron, but they are found throughout the areas mapped as Archean. 
In typical form they are rich dark-green rocks, sometimes almost black, 
and show many brilliant reflections of hornblende cleavage faces. Many 
variations of the type are to be seen. The schist may have a rather light 
grayish-green color, or it may take on a yellowish color, due to the presence 
of a considerable amount of feldspar in the rock. The texture varies from 
coarse to fine. The hornblende crystals have a tendency to lie with their 

'Jour. <«•<>!.. Vol. IX. mil. |.|. -W-.M1. 
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coluninnr directions almost parallel, giving the rock its schistosity or 
cleavage. When broken with a hammer the parting of the rock parallel 
to the schistosity is observed not to follow a plane, but to be everywhere 
parallel to the columnar crystals. The pieces of the rock broken off 
roughly resemble in shape anil dimensions the individual hornblende 
crystals making up the rock. Each of the pieces of rock broken (iff 
exhibits the same glistening faces nf hornblende, showing that in the 
breaking the elongated crystals have parted along their mineral cleavage 
planes. 

I'nder the microscope the hornblende appears in fresh green columnar 
crystals* almost certainly secondary, with a tendency to parallelism of their 
long axes, although many crystals are not so arranged. Rarely the horn- 
blende appears in two forms in the same slide — in large stumpy crystals 
almost as wide as long and with no parallel arrangement, and in slender 
columnar forms with parallel arrangement. An interesting feature here is 
that the parallel columnar hornblendes result occasionally from the parting 
or slicing of the large stumpy hornblende crystals along their cleavage 
planes: that is, under pressure the large hornblendes have parted along 
their cleavage planes, yielding a large number of slices which have much 
greater length than breadth or thickness and have been arranged parallel. 

The hornblende crystals lie in a fine-grained and much discolored 
matrix of feldspar, chlorite, and epidote-zoisite, these minerals showing a 
variety of proportions in different rocks. The usual accessory minerals, 
including magnetite and calcite, are to be observed. 

With increase in the amount of feldspar the hornblendic schist grades 
into amphibolite. With increase in the amount of quartz the hnmhlcndic 
schists may become almost indistinguishable from the hornblendic gray- 
wackes of Lower Huronian age which are found associated with horn- 
blendic schists north of .Mountain Iron and llibbing (see pp. 69-70), and, 
indeed, it is not unlikely that some of the rocks containing considerable 
quartz and feldspar, here described as hornblendic schists, may themselves 
have been derived from the alteration of sediment*. Most of the horn- 
blendic schists, however, have unquestionably been derived from the 
alteration of basic igneous rocks of the Archean described al>ove, and 
usually, moreover, have received their most characteristic feature through 
the metamorphic effect of the Lower Huronian granite. In the Mesabi 
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district the actual transition from the massive bash* rocks to the horn- 
blendic schists tuny be observed in but few places, but along the contact 
between the. granite and the basic igneous rocks of the Archean liorn- 
blendic schists are everywhere abundant, and in the Vermilion district to 
the north hornblendic schists of the same character, age, and associations 
may be oljserved in all stages of alteration from basic igneous rocks, 
brought about mainly and Anally through the intrusion of granite. 

MICACEOUS SCHISTS AND CHLORITIC SCHISTS. 

These rocks may be seen throughout the Archean, but to special 
advantage in the great Archean area eastward from Virginia and lfhrth of 
Diwabik. When typically developed they consist largely of chlorite and 
mica, principally biotite but partly muscovite, with locally more or less 
talc, lying in a grouudmass composed mainly of feldspar with suls>rdinate 
amounts of quartz, hornblende, magnetite, ilmenite, and zoisite. 

A small part of the micaceous schists has resulted from the alteration 
of the acid igneous rocks of the Archean, but the greater part of the mica- 
ceous schists alid the chloritic schists, like the hornblendic schists, has 
developed from the basic igneous rocks of the Archean. Why hornblendic 
schists should develop in some places and chloritic and micaceous schists in 
others is not always known, but in general it seems to be true that the 
hornblendic schists are characteristic of the contact of the granite with the 
basic igneous rocks of the Archean, while the chloritic and micaceous schists 
are characteristic developments from the folding and mashing of the 
Archean rocks away from the granite. 

GRANITE AND PORPHYRIT1C RHYOLITE. 

The Archean acid igneous rocks include porphyritic rhyolite, porphy- 
ritic granite, and granite. The two former may be conveniently referred 
to as "porphyries." Between Virginia, Sparta, and Kveleth are three small 
areas of Archean poqdivrios. The one mapped as lying mainly in sec. 22, 
T. 58 N., R. 17 W., is a porphyritic granite. The rock weathers white, 
light green, and dirty yellow. The phenocrysts of quartz and plagioclase 
feldspar stand in a fairly fine-grained grouudmass of quartz and feldspar in 
which appears a considerable quantity of secondary sericite, chlorite, and 
quartz, indicating considerable alteration. The large, clear phenocrysts of 
quartz stand out like eyes. An almost identical rock has been found in the 
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Vermilion iron district, uml in both the Vermilion and Mesabi districts the 
rock has been designated in the field the "white-eyed porphyry." The 
mashing to which the rock has been subjected, together with the develop- 
ment of secondary mica and chlorite, has in places altered the porphyries to 
chloritic schists and micaceous schists, either kind being more or less talcose. 

The porphyry mapped in sees. 16 and 21, T. 58 N., R. 17 W., and 
along the quarter line of sec 29, T. 58 N., R. 17 W., is almost the same in 
texture and mineral content as the one just described, except that the phe- 
nocrysts. instead of being both quartz and feldspar, are playioclase feldspar 
alone. Moreover, a considerable amount of secondary calcite and pyrite 
are to be observed in the groundnuts*. The rock is called a feldspar- 
porphyry. Like the porphyry above described, it shows much mashing, 
and by its alteration has yielded chloritic, inuscovitic, and talcose schists. 

Near the west line of sec. 25, T. 59 X., R. 18 W., is a dense dark-gray 
porphyry associated with hornblendic schist. Under the microscope the 
acid feldspar phenocrysts show zonal cloudy alterations to muscovite and 
kaolin. The feldspars lie in a fine but uneven grained matrix of feldsjw 
and quartz, with a subordinate amount of museovite, chlorite, kaolin, and 
zoisite. 

Seventy paces north of the southeast corner of sec. 6, T. 58 N., R 16 W., 
there is an exposure of biotite-granite. The surrounding rock is Lower 
Huronian slate and graywacke, and wo have no evidence that the granite 
itself is Archean. However, it is a considerable distance from the Lower 
Huronian granite, and, on the other hand, not far from the granites and 
porphyries whose age is known to be Archean, and it has been mapped as 
Archean. Orthoclase feldspar and rather abundant quartz form the mass 
of the rock. With this is a liberal sprinkling of biotite and less greenish 
hornblende. The texture is typically granitic, although rather fine. 

SEDIMENTARY ROCKS. 

North of Mountain Iron and Hibbiug, and westward, fragmental rocks 
are intricately mingled with the Archean igneous rocks (see I Ms. IV and V). 
There is no positive evidence to show whether these rocks are Upper 
Huronian, Lower Huronian, or Archean. As they are closely folded with 
the Archean, it is probable that they are not Upper Huronian. Litholog- 
ically they resemble the Lower Hurouiau rocks, and hence they are 
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described in connection with the Lower Huronian. Nowhere in the 
district have sediments been found which are demonstrably of Archean age. 
However, certain facts seem to show that sedimentary rocks of Archean 
age are actually present in the district. In the basal conglomerate of the 
Lower Huronian were found a few somewhat doubtful slate fragments and 
a single pebble of what is taken to be a fine-grained grit containing grains 
of quartz, feldspar, and iron oxide. While careful search has failed to 
reveal the counterparts of these rocks in the true Archean, it is possible 
that in the future they will be found. Indeed, it is not ini|K»ssible that 
certain of the altered sediments included in the Archean and mapi>cd as 
Lower Huronian may be truly of Archean age. On the other hand, the 
sedimentary fragments in the conglomerate of the Lower Huronian may 
have been brought in from distant areas and the Archean of the Mesabi 
district in itself lack them. It makes little difference which is the case, for 
it is known that beneath the Lower Huronian rocks iu the Lake Superior 
region are other subordinate sedimentary rocks associated with wliat has 
been mapped in the past as Archean. The pebble in the conglomerate 
here described offers additional evidence of this fact. Whether or not 
small areas of these Archean sedimentary rocks be found in place in the 
narrow confines of the Mesabi district is a matter of small importance. 

sTitrcrriritE. 

The Archean rocks of the district, being igneous throughout, have only 
such structures as are characteristic of massive and schistose igneous rocks 
The original igneous structures have been mentioned above. While most 
of the Archean rocks show some cleavage, perhaps about half have 
enough cleavage to warrant calling them schists. In general the plane 
of cleavage is nearly vertical and strikes parallel to the range, about N. 
60° K. The hornbleiidic schists north of Mountain Iron have a cleavage 
of a linear parallel type, and the lines of the cleavage dip steeply to the 
northeast. In addition to cleavage there are mnuv joints and faults with 
displacements of a few inches or feet, but no regular systems have been 
determined. 

KKT.ATIOXS TO OTHKIt bEHIE*. 

The Archean rocks, both basic and acid, form a basement upon which 
the sedimentary rocks of the region were deposited, and hence between the 
Archean and the overlying rocks is a structural unconformity. 
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The sedimentary rocks now lying next to the Archean are Lower 
Huronian for a part of the district and Upper Huronian for another part. 
This results from the fact that the Upper Huronian is unconformahly above 
the Lower Huronian and laps over the Lower Huronian onto the Archean. 
The Lower Huronian, near its contact with the Archean, is a coarse 
conglomerate, containing large |>ebbles and bowlders of *he kinds of rocks 
found in the Archean, with the exception of some of the schists, which were 
formed by the mashing of Archean rocks subsequent to the deposition of 
the conglomerate. The actual contact of the Upper Huronian and Archean 
is drift covered, but from the known fact that the Upper Huronian is 
uncouformablv above the Lower Huronian and the Lower Huronian is 
uuconformably above the Archean, it is certain that the Upper Huronian 
rests uncouformabl v upon the Archean. 

The Archean along its entire northeastern edge is in contact with 
granite which is intrusive into the Archean rocks. Actual contacts of the 
two are to be observed in a numl>er of places, and at such places the Archean 
greenstones become micaceous or horublendic. 

While some of the schists are clearly the altered equivalents of the 
Archean igneous rocks which have yielded pebbles to the conglomerates at 
the base of the Lower Huronian, others of the schists have not been proved 
to have resulted from the alteration of Archean rocks, but are supposed to 
be Archean from their lithological similarity to such rocks. In spite of 
such similarity, some of the schists may be of lxiwer Huronian age. To 
this doubtful group belong a part of those north of Mountain Iron, north- 
west of Hibbing, and in Ks. 22 and 23 \V. 
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THE LOWER HURONIAX SERIES. 

niKTRlMUTION. 

Sedimentary rocks of Lower Huronian age appear in two considerable 
areas in the Mosabi distinct. Due with an average width of perhaps a mile 
extends from Eveleth northeast to R-iwabik; the other, somewhat less than 
a mile in width, extends from near the Duluth and Iron Range Railroad 
northeast to near the center of sec. 11, T. 59 N., R. 14 W. In the former 
belt there are areas of green schist forming the cores of the hills. One of 
them has been mapped, but others, while their presence is kuown by 
isolated exposures, are not sufficiently exposed to warrant their separation 
on the map. A number of small patches of Lower Huroniaii sediments 
are known also in other parts of the district, as follows: East of Riwabik, 
in the northern portion of sec. 1, T. 58 X., R. 16 \V.; north of Riwiibik, in 
sec. 34, T. 50 X., R 10 W.; bordering the Archean north of the Genoa mine 
at Sparta; northwest of Virginia, along the line between sec*. 31 and 32, T. 
59 X., R. 17 W.; northeast of Virginia, near the east side of sec. 34, T. 59 
X., R. 17 \V.; bounding the Archean north of Mountain Iron, in sec 34, 
T. 59 X.. R. 18 W.; intricately mixed with hornblendic schists and acid 
intrusive* in a belt running through sees. 28, 27, 22, and 23, T. 59 X., R 
18 W. (see PL V); northwest of Hibbing, in a narrow belt bounding the 
Archean in see*. 26, 34, and 35, T. 58 X., R. 21 \V., also in deep drill hole 
beneath quartzite 1,025 paces north, 665 paces west, sec. 35, T. 58 X., It 

21 W.; in the area mapped as Archenu in sees. 19, 30, and 20, T. 57 X., R. 

22 W; and near the contact of the hornblendic schist with the granite near 
the north line of sec. 2, T. 56 X., R. 23 W. 

Granite of Lower Huronian age forms the core of the Giants range 
and is exposed on its upper slopes from Grand Rapids eastward to near the 
east line of R. 14 W., with only one break, north of Mountain Iron, where 
it is interrupted for a short distance by Archean hornblendic schists. The 
granite thus bounds on the north the other formations for most of the district. 
Our detailed work has not gone farther north than thegrauite boundary. 
;•» 
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A dike of Lower Huronian porphyry appears northwest of Hiwabik, 
in the northern part of sec. 3, T. 58 N., R. 16 W. The porphyry in see. 25, 
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T. 59 N., II. 18 W., described on pajje (>!> with the Archean, may be Lower 
Huronian, but there is no evidence one way or the other. 
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KIXD8 OF HOCK8. 

The Lower Huroiiian rocks are both sedimentary and igneous. The 
sedimentary rocks include interbedded slate, gray wacke, and conglomerate, 
and the igneous rocks include granite and porphyry. 

ORAYWACKES AND SLATES. 

The following description applies to the normal phase of graywacke 
and slate making up the bulk of the sedimentary portion of the series. The 
highly metamorphosed phases caused by the metnmorphism of the granite 
are described in a separate section. 

The interbedded gray wackes and slates form the great bulk of the sed- 
iments. They are dull, dark-gray and dark-green rocks which usually 
weather to a .somewhat lighter green or gray or to a dirty light yellow. 
The grain is usually fine, although it varies considerably. The bedding, 
shown by both color and texture, is conspicuous. Parallel to the betiding 
a secondary cleavage has been developed. As a result of variation in tex- 
ture, bedding, and secondary cleavage, there appear all gradations Wtween 
metamorphosed coarse graywacke*, banded graywackes, and finely fissile 
slates. Along the parting plane of some of the graywackes and slates may 
be seen glistening plates of mica or chlorite, conspicuous because of the fact 
that they appear in separate spangles on the dark background rather than 
in com iuunus layers, although, indeed, some of the more fissile slates show 
mica and chlorite in the continuous layers characteristic of slates. 

I'nder the microscope the graywackes and slates show little uniformity 
in texture and miiieralogieal composition. A composite slide from the less 
altered graywackes would show angular to subangular grains of quartz and 
feldspar in about equal quantity and of rather uniform, small size, cemented 
bv a sparse, ill -defined matrix of the same material, in which there is much 
chlorite and micaceous material and cloudy alteration products of the feld- 
spar. While the particles are not well rounded, their general aspect leaves 
no doubt as to their clastic character. Certain slides show a predominance 
of quartz grains and others a predominance of feldspar grains. Certain 
slides have almost no cementing material; in others it is so abundant as to 
make the clastic grains look almost like phenocrvsts. In certain slides, 
again, the matrix is almost entirely an ill-defined greenish chloritic or 
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micaceous substance; in others, a tine-grained cloudy alteration of feldspar 
with little of this material. The chlorite and mica in the matrix are in 
large, distinct plates parallel to the bedding. These are the ones which 
appear so conspicuously on the parting planes of the graywackes above 
referred to. 

The slates under the microscope show an exceedingly fine felty mass 
of quartz and feldspar almost obscured by an aggregate of micaceous and 
chloritic substances. In other words, they show the ordinary features of 
typical slates. A great variety of rocks intermediate between the gray- 
wackes and slates show microscopical features intermediate between those 
above described. 

In certain areas iron pyrites is fairly abundant in both the slates and 
the graywackes. This, while occasionally fresh, is for the most part altered 
to iron oxide, which retains the cubic form of the pyrites, or, if altered to 
iron ore, is weathered out altogether, being represented only by iron-stained 
cavities which frequently retain the cubic form. Iron pyrites may be 
especially well observed in the SW. } sec. 22. T. 58 N., R. 17 W. 

The graywackes and slates abovp described have resulted from the 
alteration of fine mud and feldspathic sand deposits. The metamorphism 
has consisted in their cementation into hard rocks, which has been brought 
about bv the recrystallization of the finer materials in the background and 
perhaps the infiltration of quartz from without, and by the abundant 
development of chloritic ami micaceous materials. Some of the mica, 
especially that in separate clear-cut plates, may have been originally 
deposited in i'.j present position, but most of it, and especially that in 
continuous shoets on the parting surfaces, is undoubtedly a secondary 
development due to dynamic movement in the rock. In general, the 
mashing of the rock has not been sufficient to develop any secondary 
structure inclined to bedding, and its main effect has been in developing 
micaceous minerals parallel to lidding 

CONGLOMERATES. 

The conglomerates are perhaps the most interesting of the Lower 
Huron ian sediments. They are most abundantly and typically exposed 
in a belt running from the cut along the Duluth and Iron Kange Hail- 
road in sec. 22, T. 58 N., K. 17 W., southwest through sees, 22 and 21 
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into sets 20 and 29, T. 58 X., R. 17 W. Similar conglomerates are known 
in small patches bordering the greenstones north of the Genoa mine, at 
Sparta. 

The conglomerates are massive rocks for the most part, with various 
shades of green on fresh surface and a lighter green on the weathered 
surface. The pebbles vary in diameter from 6 inches to a small fraction 
of an inch. In kind they are, for the most part, identical, both macro- 
seopically and microscopically, with the rocks in the Archean above 
described, including diabases, basalts, and grauite-porphvries. The more 
basic pebbles are in greater quantity than the acid ones. One of the 
most characteristic pebbles is a peculiar, purplish, dark-green porphyritic 
basalt in which the phenocrysts, originally of feldspar, are now spots of 
greenish chloritic material. The conglomerates have a line-grained green 
matrix, which was probably originally largely of feldspar and quartz, but 
which is now almost obscured by chlorite and sericite alterations. The 
common green fragments and the green matrix of the conglomerates make 
the name " greenstone-conglomerate " very appropriate, and this, indeed, is 
what the rock has been called during the field work. In walking through 
the railroad cut above referred to, unless one looks very closely he is 
likely to suppose the rock to be an original basic igneous one. In other 
places many of the pebbles of the basic igneous rocks weather to a salmon 
pink, giving the impression that the rock is made up largely of porphyry 
pebbles. An examination shows that the apparently acid fragments are 
really basic, while the true poqihyries weather grayish green and look 
basic. 

In addition to the common pebbles above named, there appear a few 
pebbles of white and greenish-gray chert, which may represent altered 
slate (45494). Close examination of these fails to determine whether or 
not they are sedimentary slates, but one or two fragments are seen to have 
a very fine banding, which may indicate sedimentary origin. In tho Duluth 
aud Iron Range Railroad cut, also, one pebble was found which may be a 
fine grit or graywacko. It is a greenish-gray, fine-grained rock made up 
of roundish and subangular grains of quartz and much-altered feldspar in 
an abundant fine-grained matrix of similar materials, obscured by greenish 
alteration products. Throughout the rock are little specks of iron oxide. 
One of these appears on the weathered surface like a little fragmental 
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grain of jasper, and was. indeed, the feature which first attraeted attention 
to the pebble. 

The presence of this possible sediment in pebbles in the conglomerate 
at the base of the Lower Huronian series may indicate the presence of still 
older sedimentary rocks somewhere in this area. Such an older sedimen- 
tary formation has been found in other districts of the Lake Superior 
region, the Vermilion and Marquette, but, with the possible exception of 
certain doubtful sediments north of Mountain Iron, no such rocks have 
been found in the Archean within the limits of this district. Further 
search may reveal them in small patches, but certainly they occupy no 
considerable areas. 

In the X\V. \ see. 34. T. 58 X., R. 17 \Y\, just north of the Genoa 
mine, patches of conglomerate may Vie observed in the southerly exposures 
of the massive Archean greenstones. On weathered surface the light-gray, 
green, or pink angular to subangular fragments stand out conspicuously 
from a dark-green matrix. On fresh fracture fragments and matrix have a 
dark-green color and can not be separated. They both resemble the 
underlying Archean basalt. The conglomerate is associated with a small 
quantity of ban led rock of the same general character, which is probably 
an altered graywacke associated with the conglomerate. The rock next to 
the south is I'okeganm quartzite, but the conglomerate has not lieen 
actually connected with the Pokegama quartzite, amd because of its meta- 
moqmosed character and similarity to the Lower Huronian conglomerates 
of other areas it is here described. 

The conglomerates, in common with the rest of the Lower Huronian 
rocks, have suffered metamorphism, but the extent of the alteration varies 
greatly from place to place. East of Mariska, in the railway cut referred 
to, the rocks show only recrystallization of the mineral particles, without 
marked development of schistosity. The alteration of the minerals is the 
same as that described above for the various rocks of the Archean. To 
the southwest of this cut the conglomerates have been much squeezed ami 
are now very schistose. The recrystallization accompanying the squeezing 
has made the rocks very chloritic and micaceous, and, in many cases at least, 
has completely obliterated the clastic texture in the finer-grained portions. 
The pebbles have been elongated in the plane of schistosity (vertical and 
striking X. 60° E.), and on the weathered surface stand out in lenticular and 
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oval forms from the finer, more schistose, and more easily eroded matrix. 
Rocks of this character may be traced into schistose rocks in which, in peb- 
bles and matrix alike, nearly every vestige of sedimentary texture has been 
lost. 

GRANITES AND PORPHYRIES . Porphyritie Granite. «nd Porphyritic RhyoJitei). 

Lower Huronian granites form a continuous belt along the higher parts 
of the Giants range from near the east line of It 14 \V. to the west end 
of the district, except for a short distance north of Mountain Iron, where 
they are cut out by the Archean hornblende-schists. They also make up 
part of the shores of Birch tatke. Over this great area the granites show 
considerable lithological complexity. At Birch Lake the Lower Huronian 
granites are coarse gray and pink hornblende-granites. Krom the east line 
of It. 14 \V. to the neighlxn-hood of Mountain Iron the granites are similar 
to those on Birch Lake. It is noticeable that the coarser phases appear in 
the eastern end of this area. The hornblende varies in abundance, but 
is usually conspicuous. Rarely, as near the Mailman camps, the dark 
constituent is augite (45435) instead of hornblende, or again it may lie 
partly biotite. The feldspar is partly orthoclase with Carlsbad twinning, 
partly microcline, and in small part plagioelase, and all of it shows cloudy 
alteration and a zonal structure indicating two stages of growth. Occasion- 
ally also it appears in porphyritie form. The hornblende is a fresh green 
variety. Quartz is present, but very sparsely; iudeed, certain phases of 
the rock have so little quartz that they might perhaps be called syenites. 
A characteristic accessory is brown sphene, showing in places stages of altera- 
tion from ilmenite. In places the rock becomes very slightly gneissic, and 
immediately next to its contact with the Lower Huronian sediment it 
becomes very fine grained. ' Next to the contact of the granite with the 
Keweenawau gabbro on Birch Lake is a metamorphic rock resembling 
granite, which is described in connection with the gabbro. 

From the neigborhood of Mountain Iron westward to the west end of 
the district the preponderating granite is somewhat finer grained than the 
granite to the east, possibly somewhat more gneissic, and usually of a pink 
color. Certain phases of this finer granite are similar to the hornblende- 
granite to the east, but by far the larger portion shows a considerably 
greater content of quartz and a smaller content of the basic minerals. 
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Instead of hornblendes we have in these rocks preen or brown biotite anil 
muscovite. The feldspar is partly microline and partly orthoclase, as in 
the hornblende-granites, and the alteration of the feldspar is about the 
same. As in the hornblende-granites, also, the feldspar crystals occasion- 
ally stand out in porphyrinic fashiou. 

Associated with these two prevailing types are dikes of exceedingly 
fine-grained pink granite showing very little biotite. They may he well 
observed in the cuts along the main line of the Duluth and Iron Range 
Railroad. Other dikes are pegmatitic granite consisting of a pink feldspar 
with very abundant quartz, and with the ferroinagnesinn minerals almost 
totally lacking. They may be seen to advantage at the upper falls of the 
1'rairie River. 

In connection with the Lower Huronian granites should be mentioned 
a dike of feldspar-porphyry intruding the Lower Huronian sediments just 
northwest of Biwabik, in the XW. \ of N'W. \ .sec. 3, T. 58 X., R. 16 W. 
If is a very fine-grained, grayish, acid rock which under the microscope 
shows oilhoclasc-feldspar phcnocrvsts. now much altered, lying in the 
usual altered matrix of quartz, feldspar, and chloride material. 

Xorth of Mountain Iron, in sec. 34, T. 59 N., R. 18 W., near the 
contact of the granite, hornblende-schists, and Huronian sediments, is an 
exposure of a porphyrinic rhyolite in which quartz aud feldspar phenocrvsts 
of about equal abundance stand in a fine-grained but holocrystalline matrix 
of quartz and feldspar with a spherulitic texture. There is no direct 
evidence to show whether the rock is Lower Huronian or Archean. 

At 1,400 steps north of the southeast corner of sec. 16, T. 59 X*., R. 14 
W., in the Lower Hurouian sediments, is a dike, about 25 paces wide, of a 
dark-gray, fine-grained, schistose, chloritic and hornblendic granite. The 
rock under the microscope is seen to consist of ortlioelase feldspar showing 
considerable alteration to sericite, kaolin, and zojsite, which is in about 
equal abundance with hornblende and chlorite. The hornblende is a green 
variety showing little alteration and usually having crystal form. The 
chlorite is secondary. 

In sec. 11, T. 59 X.. R. 14 \Y., and northwestward for a mile and 
perhaps more is a fine-grained porphyritic rhyolite or granite which 
apparently is intruded by the Lower Huronian granite. As to its age, all 
that can be said is that it is older than the Lower Huronian granite, but 
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whether Archean <»r Lower Huroniau there is no direct evidence. Because 
of its close association with the granite in its distribution and its dissimilarity 
to tlie Archean porphyries, it is described in this connection rather than 
with the Archean. The distribution of this rock in sec. 11 is shown by the 
detailed sketch map (PI. VI). The rock is gray or pink, fine (Trained, and 
contains minute red and gray streaks. Under the microscope the texture 
is seen to vary from porphyritic to granitic. In certain slides large feldspar 
phenoerysts stand in a line-grained granular matrix of quartz with a sub- 
ordinate amount of feldspar. The feldspar shows in places strain shadows, 
fracturing, peripheral granulation or even total granulation. In other 
slides the quartz and feldspar particles occur in about equal size. It is 
possible that the porphyritic texture may be in pait the result of the 
granulation of a part of the constituents, leaving the remainder as pheno- 
erysts in a granulated background. In addition to the quartz and feldspar 
there are present greatly varying but usually small quantities of horn- 
blende, biotite, and chlorite. Under the microscope the similarity of this 
rock to the altered phases of the Lower Huronian graywacke is striking. 
In hand sj>ecimens, however, they may be discriminated. 

INCLUSIONS IN GRANITE. 

Through a considerable portion of the district, and particularly north 
of Mountain Iron aud Hibbing and from there westward, there are found 
intricately mixed up with the granite, and not separable on a map of ordi- 
nary scale, small quantities of hombleudic .schist, chloritic schist, micaceous 
schist, diorite, basalt, or diabase, or their metamorphosed equivalents. 
Some of the micaceous schists are the altered equivalents of the granite, 
and some of the diorites are also apparently genetically connected with 
the granite; such rocks are of Lower Huronian age. Other rocks, par- 
ticularly the hornblendic schists, chloritic schists, diabases, and diorites, 
are intruded by the granite, and these might be either Lower Huronian or 
Archean. Still others, and perhaps the larger proj>ortiou, are so intricately 
mixed with the granite that no determination of their age can be made. 
Mauy of the phases cau be duplicated in the area mapped as Archean, and 
indeed the line between the granite and the Archean in many places is 
determined by the relative abundance of these rocks. It is certain therefore 
that a considerable pnqiortion of the rocks included in the granite are of 
Archean age. 
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PLATK VI T. 

PHOTOMICKOOKAl'HS OK NORMAL AND MKTAMOKI'lRfcsKD LOWKU Ml KOSlA.N (JIUVWACKE. 

Fit). .1. — Ixnrer Huronian graywaekc. N|iocimcn 4-VUU. slide l-VWt". From 1,HU) juice* north of 
west of the southeast corner of see. IH, T. 5H X., K. 14 W. Willi analyzer, x .V). This is the normal 
phase of Lower llumnian uraywaeke, consisting of quartz anil feldspar grains, mainly the former, 
very imperfectly rounded, and n considerable amount of secondary bioiitc niul mnscovite or scricite. 
All the constituent* have a dimensional |«ralleli»ni. mi. I the iniias have also a cryrtallographic 
|«aralli-li-m. Dcsvritied pp. 74-75. 

Fi«;. II — L>wcr Huronian graywuckc. Specimen 4- r >414, slide lo'lK). From l,»im> pact* north of 
west of the southeast corner of sec. Hi, T. .V.t N'.. K. 14 W. With analyzer, x 50. This is nearer the 
intrusive granite contact than the sjiecimcn shown in .1, and riinvrs a more abundant ■levclopmunt 
<if the serondury mineral* and a coarsening of the grain. The grain is coarser and more irregular, 
due to the rccrystallization of the quartz and feldspar. Abundant hiotite and preen hornblende have 
developed; mnscovite i* nearly lacking. Abundant accessories arc magnetite, itmcnitc, rutile, sphene, 
and garnet. The rutile may Ix? (wii surrounded hv and altering into spbene < titanomorphite). 
I**cri)«Hl pp. ttf-W. 

Km. C'.— Lower Huronian graywackc. Speciinen JMU., slide l'.70l. From near the southeast 
wniw of sec. H, T. •'>!» X., K. 14 W. With analyzer, x ,'s.t. This is still nearer the granite contact than 
the specimens figured as .1 and //. and shows correspondingly coarser crystallization and more abiimlaut 
development of secondary minerals. The hornblende is the dominant secondary ivmstittient, and hiotite 
is almost lacking. The wiine acce?*ory luiiieralH are present ah in fig. It. Dtscril>ed pp. 83-SM. 

Fio. 1). — Lower llumnian graywackc. S|»-cimen 4-Mlrt. slide 1">~IK1. From near the east ipiarter 
;«wt of sec. V, T. !W N., K. 14 W. With analyzer, x Ml. The slide is cut from within an inch of the 
;r.inite contact and shows the coarse, recrystallization and abundant development of secondary min- 
erals in the l»wcr llumnian graywacke. The feldspar shows cloudy alterations, and thcuunrtx shows 
uitdulatorv extinction. The dark mineral is allium entirely fresh, green hornblende. The a<ves#oriea 
an- Hjihene, rutile, ilmenile, and epidote. If this rock were found by itself and not connected by 
cra<lati«ns with normal graywackc and slate it could not Is- recognized a- a derivative of a alimentary 
rock. LYscrit**! pp. 8S-S4. 
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VEIN QUARTZ. 

In both the Lower Huronian sedimentary and granitic rocks, particu- 
larly the former, there are abundant veins of quartz, resulting from infiltra- 
tion along joints and breeeiated zones*. This vein quartz has yielded 
numerous and conspicuous jiebbles to the conglomerates at the base of the 
overlying Upper Huronian series. 

At the contnct of the granite and the Lower Huronian series, also, there 
has been a segregation of quartz in irregular veins and strinjrere, and in this 
case it is believed that such quartz was in part deposited from Lot solutions 
accompanying the intrusion of the granite. 

MKTAMOItTMIIMM OK J^OWKIt HUROXIAN HOCK* 1»Y miAXITK. 

The intrusion of the granite above described has further greatly meta- 
morphosed the graywaekes and slates, which are themselves the altered 
equivalents of muds and sands. In approaching the granite they become 
more chloritic, homblcndic, ami micaceous, and a marked, and usually 
much contorted, schistosity obliterates the bedding. They become, in 
short, chloritic, hornblendic, and micaceous schists. The planes of parting 
have colors characteristic of chlorite, hornblende, and mica, and when 
weathered not infrequently exhibit silvery and bronzy lusters. Under the 
uueroscoj>e the rock may be seen to have undergone extensive alteration. 
There has been abundant development of secondary chlorite and horn- 
blende and a lesser development of secondary biotite and muscovite. 
Abundant accessories characteristic of metamorphic rocks of this nature 
are present. They include tourmaline, staurolite. garnet, rutile, ilmenite, 
magnetite, and apatite. The alteration of the ilmenite and rutile to sphetic 
(titan orphite) is well exhibited. (Specimen 4. r >4l4.) 

It is noticeable that the development of secondary minerals is greater 
in rocks showing morn feldspar and less in rocks consisting mainly of quartz, 
as would be expected. Accompanying this development of new minerals 
there has been a recrystallization of the original quartz and feldspar, which 
has resulted in increasing the size of the grains and in obliterating all evi- 
dence of their clastic, character as well as of bedding. Rarely, also, the 
quartz particles have been made to lie with their principal axes parallel 
to the schistositj, thus showing crystallographic as well as dimensional 
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parallelism. (Specimen 454!>2.) In the most altered phases feldspar 
crystals, which are several times the size of any found in the unaltered 
graywackes or slates, and which have somewhat irregular outlines, stand 
out among smaller quartz grains, and are larger than any of the feldspars 
in the unaltered graywackes. Following 1 the ^crystallization there lias 
been a considerable cloudy alteration of the feldspar. Where the original 
rock was mainly quartz the grain of the metaniorphic equivalent is 
uniformly finer than the grain of the rock originally strongly feldspathic. 
Between and around the quartz and the feldspar are abundant fresh 
secondary chlorite and hornblende and less abundant mica, in general 
roughly parallel, but in detail following the peripheries of the quartz and 
feldspar grains. While the highly developed schistose structure shows 
that the rocks have undergone great compression, none of the mineral 
constituents show any strain effects whatever because of the complete 
recrvstallization. 

Starting at some little distance from the granite contact, the gray waekes 
and slates are of the kind above described as normal for the formation. In 
approaching the contact the metaniorphic features just described Income 
more and more evident, until we find their typical development imme- 
diately at the contact. Were it not for the complete gradatioti it would 
not. be possible from the character of the rocks to show that the highly 
altered schists near the granite are really of sedimentary origin and the 
metamorphosed equivalents of the graywackes and slates. The series of 
photomicrographs (I'l. VII) show how the microscopic aspect of the gray- 
wackes and slates changes in approaching the granite. 

The hornblendie graywackes associated with the Archean hornblendie 
schists north of Mountain Iron and llibbing correspond in all essential 
features with the hornblendie graywackes formed by the contact of the 
granite. 

THK RELATIONS OF TX>WE«* Ill'HONIAN GltANITK TO KF.DIMF.NTS, 
AND UKIjATIOXS OF BOTH TO OT1IKH SKKIKS. 

The granites are throughout intrusive into the I^ower llurouian sedi- 
ments. Actual intrusive contacts are to be observed in a numl>cr of places. 
The Lower lluronian shows the metaniorphic effects of the intrusion, and 
near the contacts no conglomerates are to be observed. The contact of the 
•rranite and Lower Huronian sediments is well exposed northwest of 
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Mesaba station in the SK. \ of SK. \ see. 18, T. ft» N., R. 14 W., ami 
northeast of Mesaba station 50 steps north of the east quarter post of see. 
0. T. f>f> N., K. 14 W. Near the rontaet at the former place the gravwaeke 
is shot through ami through witli stringers of granite. The alternating: 
layers of jjraywacke and granite in some instances vary from a fraction oi 
an inch up to several feet. In general, the injection with the granite haa 
been parallel to the planes of schistosity in the filtered gravwaeke, but in a 
number of places the <jranites may be seen cutting across the schistositv. 
The sketch (fig. 2) shows the intricacy of the contact at this place. The 
contact effect of the granite on the sediments has already been described. 
The granite itself close to the contact becomes very fine grained, but 
otherwise does not differ essentially from the granite of the main mass. 




Kju. 'J.— Hki'trh of fonUrt of Utwi-r Hnmnlnn ifmniti' nu«l icr*ywiicki*-slaw\ •honing Intrl.-mr nature of granite itilni^ion. 



Another even more complex contact may be observed north of 
Mountain Iron, northwest of the center of sec. 34, near the Archean- 
I'pper Huronian boundary. 

While the evidence is conclusive that the great mass of the granite is 
intrusive into the Lower Huronian, it is not at all certain that, for limited 
areas, the granites here mapped and described as Lower Huronian may not 
contain granite of later date. The granites show great lithologie com- 
plexity, and where the points affording evidence of relation are as widely 
separated as they are, particularly in the western portion of the range, parts 
of the granite may be intrusive into the main granite mass anil thus per- 
haps be of post-Lower Huronian date, and still no evidence of this appear. 
Because of the lack of exposures, it is not unlikely that even the most 
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detailed field work, with this point alone in mind, -would fail to delimit 
the later granites. 

The conglomerate forming 1 the great part of Lower Huronian sedi- 
ments affords (conclusive proof that the Lower Huronian sediments rest 
uneonformably upon the Archean rocks. Kvery kind of pebble found in 
this conglomerate, with the possible exception of a few cherry slate 
pebbles, can be matched among the Archean rocks. The conglomerate 
can best be studied in the cut in the I )uluth and Iron Itange track east of 
Markka, in the XK. \ of XE. \ sec. 22, T. 58 X., R. 17 W., and northwest of 
Biwabik, in the SW. \ of SW. \ sec. 34, T 59 X., K. H> W. At the latter 
place the actual contact of the two formations can be observed and the 
conglomerate at the lw.se of the Lower Huronian contains pebbles identical 
with the adjacent Archean igneous rocks. 

Both the l/ower Huronian sediments and granites are unconformablv 
underneath the Upper Huronian series, as shown both by structure and by 
conglomerates at the base of the Upper Huronian sediments. This uncon- 
formity is described in connection with the Upper Huronian series. 

STltrOTl'KE. 

The Lower Huronian sedimentary series shows a conspicuous sedi- 
mentary bedding. The area has been so folded that the beds now stand 
on edge, the dip seldom varying more than 5° or 10° from vertical. 
Superposed upon the original Iwdding structure is an excellent secoudary 
cleavage. The cleavage planes, for the most part, are approximated 
parallel to the liedding planes. The strike of Iwth l>edding and cleavage 
is uniform, about N. fi0° K., although locally varying 10° to 20° from this 
direction. 

Both the Ivower Huronian sediments and the granites are jointed, 
the sediments particularly so. The sediments, moreover, show conspicuous 
faulting and brecciation. These features may be well observed 425 
paces west, 275 i>aees south of the northeast corner of sec. 32, T. 58 X., 
U. 17 W., and just south of the northwest corner of sec. 3, T. 58 X., K. 
16 W. The breccias at these places might be mistaken for conglomerate, 
especially as at the latter place there is also present a small amount of 
true conglomerate (see p. l>6), but they are believed to be breccias, for the 
following reasons: (1) The fragments are identical with the material of the 
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strata adjacent. (2) The fragments are angular; certain quartz fragments 
an- rounded, but the rounding is due to the pinching out of quartz veins; 
intermediate steps of the process are to lw observed. (3) The interstitial 
material is largely vein quartz. (4) Finally, the so-called breccias occur in 
definite vertical zones, striking almost north and south: that is, almost 
directly across the sedimentary bedding. The supposed breccia grades 
into the unbroken strata, which have a normal strike on each side. More- 
over, in attempting to match the beds on different sides of the breceiated 
zones it is found that there has l»eeu faulting, oftentimes as much as several 
feet. 

THICKNKS*. 

As the bedding stands directly on edge, the width of the formation 
across the strike may measure the thickness of the series. On this basis 
the thickness may amount to 7,000 feet. However, the beds may repre- 
sent limbs of a closely compressed fold, or perhaps several folds, which 
have been truncated, and in such a case the apparent thickness of the series 
is much greater than the true thickness. Large areas of the formation are 
not exposed, and while there is no positive evidence of duplication of beds 
the probability is that they are duplicated. In view of this probability, 
3,000 to 5,000 feet is probably as great a thickness as can safely be 
assigned to the Lower Huronian sediments of the Mesabi district. 
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THE UPPER HURONIAN SERIES. 

TIk> sedimentary rocks of Upper Huronian age occupy practically all 
the southern slopes of the range from one end of the district to the other, 
and extend also an unknown distance south beneath the glacial drift 'Hie 
surface width of the series in the area included in the district describe* 1 
varies from less than 1 mile to 5 miles or more. The beds of the series 
have » flat dip to the south. Their upper edges being truncated, they 
appear in belts winding along parallel to the range, the northerly belts 
representing the lower beds and the southerly belt* the higher beds of the 
series. 

The exposures of the Upjwr Huronian, particularly on the lower 
slopes, are so widely separated that the mapping of the series would have 
been an impossibility had it not been for numerous test pits sunk in search 
for ore, which were bottomed in the Upper Huronian series. These are 
jaulicularly numerous along the central portion of the range, and have 
enabled the distribution of the Upper Huronian rocks to be indicated 
within rather close limits for this part of the range. 

The Up|M-r Huronian series comprises from the base up (1) the 
Pokegaina formation, consisting mainly of ouartzite, but containing also 
conglomerate at its base; (2) the Biwabik formation, consisting of 
ferruginous cherts, iron ores, slates, greenalite rocks, and carbonate rocks, 
with a small amount of coarse detrital matt-rial at its liase; ami (3) the 
Virginia slate. Between the Pokegaina quartzite and the Biwabik forma- 
tion there is a slight erosion interval. The Biwabik formation grades 
conformably into the Virginia slate l>oth vertically and laterally. In all 
previous geologic work on the district the detrital rocks forming the 
base of the iron formation ((piartzite and conglomerate) have been con- 
sidered a part of the Pokegaina formation, the presence of the slight 
break l>etween such detrital rocks and the underlying Pokegaina formation 
having been overlooked. On the accompanying geologic map, also, the 
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basal detritals of the iron formation have been included in the Pokcgama 
quartzite. Tins is done for the reasons that: (1) The layer of basal iron- 
fonnation fragmentals for the most part is s« thin that it can not be 
indicated on the general map without exaggeration; (2) in much of the 
district exploration has not been sufficient near the boundary of the iron 
formation to allow of the discrimination of the quartzite and conglomerate 
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of the iron formation from that lielonging with the Pokegaum formation; 
(3) for economic purposes it is more, desirable to indicate the boundary 
between the possible iron-bearing area and quartzite, regardless of the 
formation to which the latter belongs, than between the two structural 
geologic units. In order to show that discrimination between the Poke- 
gama quartzite and the detrital material at the base of the iron forma- 
tion is possible where exploration has been sufficient, a detailed map has 
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been made of a part of sec 3. T. ;>8 X., R. 17 W. (rig. 3), when? the 
relations of the Pokegama quartzite and the iron fornmtion were first 
satisfactorily worked out. While, for the reasons stated above, all the 
detrital iiiaterinl at the base of the iron formation has been included in the 
Pokegama formation on the general map (PI. II), the description of the 
Biwabik formation on a subsequent page includes the detrital material 
belonging with it. 

SECTION I. THE l'OKKOAMA Ol AllTZITE. 

i 

DISTRIBUTION. 

The Pokegama quartzite is the basal formation of the Upper Huronian 
series. Because of the southerly dip and truncation of the series, the 
quartzite appears as a belt immediately south of and contiguous to the 
Lower Humuian and Arehean formations. The belt, varying from a few 
steps to a half mile or more in width, extends from the west end of the 
Mesabi district continuously to north of Mountain Iron. From hen* on to 
the east end of the range data are insufficient for mapping the quartzite as 
a continuous belt, and it is accordingly mapped as a number of discontinuous 
areas of varying width and length. It is possible that future exploration 
w ill result in extending and connecting some of these areas, but it is also 
certain that some of them an? really cut off from one another because of 
the overlapping of the iron formation. The typical Pokegama quartzite is 
exhibited in exposures at Pokegama Falls, on the Mississippi River; at 
Prairie River Falls (fig. 4), north of the Arcturus mine in sec. 13, T. 56 
X., R. 24 W.; north and northwest of Hibbing; near the south quarter 
post of sec. 20, T. 53 X., R. 17 \Y\; at the east end of the rauge in sees. 
29 and 32, T. 60 X., R. 13 W.; and test pits and drill holes hove been 
lntttomed in the quartzite at many intermediate points. 

KINDS OF ROCKS. 

The Pokegama formation comprises vitreous quartzites of various colors 
and textures, micaceous quartz slates, and conglomerates. 

gt'AKTZITE. 

The bulk of the Pokegama formation is a vitreous quartzite. Bedding 
is well marked by alternating light and dark bands, and rarely ripple marks 
may l>e observed. The quartz grains are well rounded, of medium size, 
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ami in general arc hotter rounded and eoarser than in the Lower Huronian 
graywaekes. The color* are dark green, grayish green, light yellow, or 
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various shades of red and brown. In some cases at least the original 
colors have been yellowish and grayish green, and the red and brown colore 
have resulted from the infiltration of ferric iron and from the oxidation of 
femms compounds in the matrix of the quartzite. At Pokcgama Kails the 
quartzite. for some feet from the surface, lias a reddish color, but where 
blasted out near the dam the red colors are seen to give way a few feet 
from the stirface to the grayish or yellowish ones. In cracks and crevices 
the iron staining lias penetrated much deeper. In other rocks the vellow or 
red colors are due to numerous grains of iron oxide, mainly limouite, associ- 
ated with the quartz grains. Weathering lias not only discolored the 
quartzite, but has caused it to disintegrate to a certain extent by softening 
the cementing material. This phenomenon may also be observed at Poke- 
gama Falls. 

I'lider the microscope the quartzite is seen to be made up of well- 
rounded, sometimes subangular, grains of quartz and an occasional grain of 
micr.icline feldspar. In the proportion of quartz and feldspar the quartzite 
differs from the Lower Huronian graywackes, in which the feldspar and 
quartz are in about equal abundance. The fragmental grains show at 
places considerable effects of pressure by their undulatory extinction and 
cracking, but seldom are these effects conspicuous. More frequently are 
the grains cloudy, due to the inclusion of minute specks of other minerals. 
It is a noticeable fact that the clastic grains in the finer quartzites are less 
well rounded than in the coarser ones. 

Among the quartz grains there appears here ami there a granule of 
iron oxide, mainly limouite, which in some cases seems to have partially 
or wholly replaced quartz grains and in others is mixed with a greenish or 
vellowish chloritic substance in such a way as to suggest that it may 
have replaced a granule of some mineral containing ferrous silicate. The 
appearance and distribution of some of the iron oxide grains strongly sug- 
gest their development through the alteration of iron pyrites in an originally 
pvritiferous quartzite. but while such development is probable, no direct 
evidence of it has been observed 

The cementing material may be (1) quartz which has grown out in 
optical continuity with the original grains, containing abundant iron oxide 
and chloritic discoloration*, or (2) a confused aggregate of greenish material 
which, with a high power, is found to be mainly chlorite, with subordinate 
amounts of actinolite or griinerite, quartz, and feldspar. The green matrix 
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iiihv hp so abundant as to make the rounded clastic quartz grains stand out 
from it like phenocrvsts, or it may be sparse and give way to the discol- 
ored quartz cement formed by the enlargement of the quartzite grains. 
Tlie oxidation of the ferrous iron in the ehloritie cement in certain <tf the 
nicks, particularly the weathered ones, has yielded red and brown hematite, 
which has imparted to the cement a red or brown color. In other rocks 
iron oxide has been infiltrated from above, discoloring the cement in the 
same way. Comparing the slides with the hand specimens, it is seen that 
the color of the quartzite, as would be expected, is due to the nature of the 
cementing material. Where the cement is mainly quartz formed by the 
enlargement «>f the clastic grains of quartzite the rock is one of the lighter 
colored gray or yellow ones. Where the cement is an abundant ehloritie 
substance the quartzite is dark gray or dark green. Where considerable 
hematite has been infiltrated or developed by alteration the quartzite has 
distinctly reddish or brownish colors. 

The dark-green and dark -gray quartzites, with an abundant ehloritie 
matrix, are similar in general aspect to graywackes, but the elastic- feldspar 
grains are too few to warrant the application of this name. The ehloritie 
cement in the quartzite has been particularly studied because of its close 
resemblance to the green ferrous silicate occurring in granules in the over- 
lying iron formation. It is indeed possible that a very small part of the 
material here called chlorite may in reality he a ferrous silicate correspond- 
ing to that described in the iron formation on a subsequent page, but no 
positive evidence of this has l>een found, and, on the contrary, positive 
evidence of the ehloritie nature of most of it is at hand. 

Where the 1'okeg.ima quartzite is in direct contact with the basic 
igneous rocks of the Archean it takes on a character different from that 
normal to the formation. In see. 33. T. f>9 N., K. 15 W., for instance, the 
particles, instead of being well-rounded quartz grains, are complex grains 
derived from the breaking down of the fine-grained underlying basalt, and 
both fragments and matrix are much discolored by given ehloritie and 
hornblendie alteration. 

MICACF.ol'S yirAKT7.-sl.ATK. 

Closely associated with and iutcrhedded with the massive quartzites 
above described are thin-bedded slaty quartzites, or quartzitic slates, with 
a considerable amount of mica and excellent parting along bedding planes. 
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They are very different in appearance from many of tlit* quartzites, and were 
they not actually observed to grade into ami to be conformably bedded with 
the quartzites at a number of places they would scarcely be referred to the 
same formation on lithologic grounds. They usually, though not alwavs, 
overlie the massive quartzite. This may lie well observed just northeast of 
IVairie Uiver Falls (see fig. 4) and just southwest of the center of sec 18. 
T. 59 X., It 1 4 \V. The color varies from dark greenish gray to a light yellow 
or pink or red. The rod and pink colors are frequently due to the infiltra- 
tion of iron oxide from ab>ve along bedding planes. The texture varies from 
that of a medium grained quartzite to that of a rather coarse shale. The 
conspicuous features of the rocks are their excellent parting parallel to bed- 
ding planes and the mica plates on the parting plane. For the most part 
the parting planes are smooth, with slight ridges roughly resembling line 
ripple marks, but not uncommonly they are somewhat rough and contorted. 
On these surfaces the mica does not form a continuous layer, but ap|H>ars 
in separated plates, each with its own twinkling reflection. 

Under the microscope the quartz-slates are seen to be finer grained 
than the quartzites described above. The grains are more angular; the 
interstitial chloritic aggregate is more uniformly present; evidence of 
enlargement, while present, is not so conspicuous as in the quartzite; and. 
finally, the quartz-slates jsissess mica, while the quartzites do not. The 
fragmental grains in the quartz-slate are mainly quartz and rarely microcline, 
as in the quartzite, and the green chloritic material is of the same nature. 
Onlv rarely are the effects of pressure to be observed. The mica is in 
separate flakes, with their greater diameters parallel to the bedding, as are 
also the longer diameters of the quartz grains. It resembles in its occur- 
rence the clastic mica plates sometimes seen in a sedimentary rock demon- 
strably unaltered. In a few cases where the quartz-slate gives evidence of 
having undergone much squeezing and alteration the mica is much more 
abundant and clearly secondary, and in such cases it has a tendency to 
form continuous layers along the parting planes rather than to occur in 
isolated flakes with definite outlines. 

COMiUlMKKATKs. 

From a structural standpoint the conglomerates arc the most interesting 
rocks of the Pokegama formation. They form a very irregular layer but a 
few feet thick at the base of the quartzite. 
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In the SK. \ of SK. \ sec. IS, T. 5H N., K. 14 W.. the conglomerate 
is in several small patches overlying both the Ix»wcr Huronian graywacke 
and slate and the Lower Huronian granite. The next rock* to the south 
are of the iron formation, and although there is no evidence of Pokegama 
quartzite occurring in this immediate vicinity, there is plenty of room for 
it, and it is known less than a half mile to the northwest. There is thus 
reason to believe that future exploration may show it here, but whether or 
not the quartzite or the iron formation immediately overlies the conglom- 
erate at this point, the conglomerate is basal to the Upper Huronian. and 
thus should be described at this place. A few steps west and north of the 
southeast comer of sec. 18 the conglomerate can be observed in a thin layer 
mantling over the Lower Huronian slate and gray wacke. Neither the bed- 
ding of the conglomerate nor that of the underlying graywacke or slate is 
clear, but so far as anv structure is present in cither it is a horizontal 
one in the conglomerate ami a vertical one in the lower series. The 
pebbles of the conglomerate nre fairly small, sometimes reaching a size 
of 2 or 3 inches, but commonly being an inch or less. The most con- 
spicuous fragments are white, gray, or black vein quartz, but these are 
scarcely more abundant than pebbles of graywacke and slate identical with 
those of the underlying Lower Huronian series. With these abundant 
pebhles are a few scattering and doubtful pebbles of granite. At 425 steps 
north and 460 west of the southeast comer of sec. 18 is again a thin layer 
of conglomerate mantling over the Lower Huronian granite. Only a short 
distance away the granite is found intrusive in the Lower Huronian sedi- 
ments, and hence the Upper Huronian age of the conglomerate is unques- 
tionable. Here the conglomerate contains pebbles and bowlders up to 2 
feet or more in diameter, consisting of graywacke and slate, white, gray, or 
black chert, granite identical with that immediately underlying, and in 
addition pebbles of a fine-grained granite similar to that sometimes seen in 
dikes in the Lower Huronian granite. Certain pebbles of doubtful character 
may represent basic igneous rocks. The matrix is a quartzite in which the 
quartz grains are well rounded ami set in a dark greenish- or purplish- 
black matrix, discolored by chloritic substances. In general the conglom- 
erates described in this area contain a typical assemblage of pebbles and 
bowlders representing the various phases of rock found in the immediately 
underlying Lower Huronian. 
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A little southwest of the center of tin* XW. \ of SW. \ sec 33, T. ">9 
N , R. l"i \V„ is a pit which lias passed through quartzite and conglomerate 
into Archenn basalt. The conglomerate is a much metamorphosed one, 
containing basalt pebbles identical with the basalt below. The conglomerate 
is thus uneoulbrmably upon the Arehean. and is basal to the quartzite. 

Near the powder house, In the XW. \ of XW. \ sec. 3, T. f>8 N., H. 16 
\\\, is a thin film of conglomerate on the upper surface of the southernmost 
exposure of Lower Iluronian slate and graywacke. The next rock to the 
south is the Pokegama quartzite. The conglomerate is composed mainly 
of vein quartz and slate, with a few feldspar porphyry pebbles. The vein 
quartz and porphyry pebbles are well rounded, while the slate fragments 
are angular. It is believed that this may be a part of the conglomerate at 
the base of the Pokegama quartzite. However, just to the north and north- 
west, in the Lower Iluronian area, are certain breccias (see pp. ><6-87) 
which are almost identical with the conglomerate except that the fragments 
are not so well rounded. It is not impossible that this supposed conglom- 
erate may be, in part, a breccia, although much of it certainly is not. 

On the road a little north and a little ea»t of the northeast comer of sec. 
3, T. 58 N., If. 16 W., in the drainage ditch close to the Hiwabik mine, is 
an obscure conglomerate in contact with the Arehean green .-.chists. The 
rock is reddish, and the fragments, a* nearly as can be made out, are 
of gr?en schistose rocks like those of the Arehean subjacent, but very 
much altered. The rock immediately to the south is the Pokegama 
quartzite. 

Just north of Roberts mine at McKinley are pits which have passed 
through Pokegama quartzite and conglomerate into Lower Huronian gray- 
wacke and slate. The conglomerate at the base of the Pokegama contains 
pebbles of the graywacke and slate below. 

North of Mountain Iron, just northwest of the center of sec. 34. T. .59 
N , H. 18 W., are small patches of conglomerate intricately mixed up with 
the Arehean and Lower Huronian rocks which come together at this point. 
(See PI. V.) The Upper Huronian rocks occur just to the southeast 
across a little valley. The older rocks show much intrieaev of structure, 
erosion has consequently cut down into them unequally, and finally some 
of the contacts arc drift covered, so that it has l>een exceedingly difficult to 
determine the true relations of the conglomerate and the adjacent rocks. 
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However, there appear to be here Arch can hornblende-schists mid 
Ijower Huronian graywaekes and slates, and both of those are intruded 
bv Lower Huronian granite. On top of this complex are patches of con- 
glomerate containing well-rounded pebbles of while weathering slate and 
graywacke, reaching a size of several inches, and resembling the Lower 
Huronian sediments near at hand. A few doubtful pebbles may lie Anhean 
igneous rocks. No granite pebbles were observed. The matrix is a well- 
bedded gravwacke, much contorted, of dark-green or dark-grav color, 
with mica plates on bedding planes. It seems likely that the conglomerate 
is basal to the Upper Huronian. But there is a distinct possibility that the 
conglomerate after all is basal to the Lower Huronian sediments, and that 
the pebbles of sediments observed are from the Basement complex. This 
possibility is suggested by the similarity in appearance of the matrix of the 
conglomerate to the typical Lower Huronian graywaekes close at hand and 
by the absence of Lower Huronian granite pebbles. 

In sees. 25 and 26, T. 58 N., R. 21 W., north of llibbing, are large 
bowlders of conglomerate in the drift. They are found just south of the 
northern boundary of the quartzite and were undoubtedly carried there by 
the glaciers from this boundary. They are similar to the conglomerates 
north of Mesaba station, their principal pebbles being graywacke and 
slate, vein quartz, and granite, and in addition there are seen fragments of 
chlorito-schists and mica-schists similar to these recks in the Lower Huron- 
ian and Archean areas adjacent. 

On the west line of sec. 34, T. 58 X., K. 21 W., on the south escarp- 
ment of the southernmost exj>osure of Lower Huronian granite, is a con- 
glomerate with pebbles up to 4 or 5 inches in diameter of vein quartz, white, 
gray, brown, and reddish, and of granite identical with that of the solid 
ledge underneath. As usual the fine quartz pebbles are the most conspicuous. 

At 1,200 steps south and 400 west of the northwest corner of sec. 3, 
T. 56 N., li. 23 W., is a conglomerate lying on the eastward-facing escarp- 
ment of the granite, that is. between the granite and the Pokegama 
quartzite. The pebbles are several inches in diameter. They consist of 
granite identical with that beneath, of vein quartz and of jasper. The vein 
quartz is very abundant and forms the most conspicuous pebbles. Certain 
of the pebbles are somewhat discolored by iron. One ellipsoidal pebble, 
with a greater diameter of 3 inches, seems to be a tree, bright-red, 
MOX xlui— 03 7 
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slightly banded jasper. It is not impossible that this represents a very 
highly iron-stained phase of the vein quartz so conspicuous in the pebbles, 
but on this basis it is difficult to account for the banding. A careful exam- 
ination in the laboratory, both microscopic and macroscopic, leaves little 
doubt that the rock is a true jasper, that is, one of the phases of rock cotn- 
monlv associated with iron ore. Jasper has not been found in the lower 
Huronian or Archean of this district, but it occurs abundantly in this series 
in other districts, and this' particular pebble may have come from a very 
considerable distance. On the other hand, it is not impossible that future 
exploration may show small areas of jasper in the Lower Huronian of this 
district 

In general, throughout the range the conglomerates which can safely 
be assigned to the base of the I'okegama quartzite or Upj>er Huronian vary 
only in relative abundance of the different kinds of pebbles. At every 
locality the pebbles are predominantly like the immediately subjacent 
rocks. The striking feature of the conglomerates throughout is their 
large content of vein-quartz pebbles. This feature was at first trouble- 
some, but search in the underlying rocks of the Lower Huronian has 
shown abundant vein quartz from which the pebbles could be derived. 
The vein quartz being hard, massive, and homogeneous, is not likely to be 
so much broken up as the granites and sediments during the time it is 
worked over bv water, and, for the same reason, fragmeuts become better 
rounded. The few chert fragments and the one true jasper fragment found 
in the conglomerate have not yet been duplicated in the underlying rocks. 

STRUCTURE. 

The I'okegama quartzite in its lower and middle horizons shows but a 
faint bedding. In higher horizons the bedding is well shown by alternation 
of light and dark and coarse aud fine bands, parallel to which is an excel- 
lent parting. The parting planes are made conspicuous by spangles of 
clastic mica. As a part of the Upper Huronian, the I'okegama quartzite 
has participated in the general tilting and cross folding to winch the series 
as a whole has been subjected, and thus lies with a gentle flat dip to the 
south, with gentle cross folds whose axes are transverse to the range. (See 
structure of the I 'pper Huronian, pp. 17H-180.) Aside from the tilting and 
general cross folding, the Pokegama quartzite has suffered little deforma- 
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tiou. Joints, while present, are inconspicuous, and little or no secondary 
cleavage has been developed in the formation. It is |M>ssiblo that thero 
may have l>een a slight amount of differential movement between the beds 
of the formation due to the gentle folding, and this may account for a 
small part of the mica seen in bedding planes, but, as already noted, it is 
believed that a greater part of this mica is clastic. If there has been 
much movement it is probable that there would have boeu a greater 
development of secondary iniea in continuous layers. 

THICKNESS. 

because of the few exposures and the difficulty of ascertaining the 
variability of the dip, it is difficult to give an estimate of the thickness ol 
the formation. Assuming an average southward dip of 8 degrees, and the 
average width of the quaitzite belt to be 1,500 feet, the thickness of the 
formation may be little over 200 feet. But in some places the surface 
width is nearly 3,000 feet, and in other places the formation is cut out 
entirely. Moreover, the dip varies from 5 to 15 degrees. The thickness, 
therefore, while perhaps averaging about 200 feet, may vary between 500 
feet and 0. E. J. Longyear in one place (1,025 paces north and 665 paces 
west of the southeast corner of sec. 35, T. 58 X., R. 21 W.) ha* drilled 
from the iron formation completely through the quartzite and found it to 
have a thickness of H9 feet. 

RELATIONS TO OTHER FORMATIONS. 

The Pokegama quartzite. forming as it does the base of the Upper 
Huronian series, rests unconformably upon the Lower Huronian and 
Archean series. This unconformity is considered under the heading 
"Relations of the Upper Huronian series to other series" (see pp. 180-181). 
The Pokegama quartzite is overlain by the iron formation, nnd while the 
two formations are essentially conformable in bedding and structure, there 
is between the two a thin but persistent layer of conglomerate, indicating 
a minor erosion interval. This is described in connection with the iron- 
bearing formation (see p. 154). 
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SECTION' II. THE IIIWABIK 1'OHMATION ( IKON-BEAKIN<J i. 

DISTRIBUTION. 

The Hivvnbik formation extends along the 8loj>e8 of the range fur its 
entire length, from west of Grand Rapids to Birch Lake, a distance of nearly 
100 miles. The width of the formation, averages perhaps 1$ miles, hut 
is in places us great as 3 miles and in others as small as a quarter of a mile. 
The total area is approximately 127 square miles. The bounding formation 
on the north is, for the most part, the I'okegama quartzite, but where 
this is lacking the Biwabik formation comes in contact with the Lower 
Huronian and Archean rocks. To the south the iron-bearing formation is 
bounded by the Virginia slate, except in range 12 and a part of range 13, 
at the east end of the range, where the Duluth gabbro laps up over the 
formation. 

On account of the covering of glacial drift, exposures of the iron- 
bearing formation, except in the eastern end of the district, are few. 
But the formation has been reached and pierced in thousands of places by 
drills and mining excavations, and it is therefore possible, particularly 
along the part of the range at present productive, to delimit the iron forma- 
tion with a fair degree of accuracy. In parts of the district where explo- 
rations and mining have not been so extensive, especially in the west end 
of the district, future explorations are likely to show that the boundaries, 
particularly the southern boundary, are in some localities not correct. 

The iron formation in general occupies the middle slop's of the Giants 
range, and its north and south boundaries have fairly uniform altitudes for 
considerable distances. By mi examination of the map, however, it may 
be seen that the elevation of the iron formation increases from the west end 
of the district to the east, the total difference amounting to as much as 500 
feet. This corresponds with the increased elevation of the range as a whole 
in this direction, although the higher elevation of the southern limit of the 
iron formation at the east end of the range is in part due to the fact that 
the lower parts of the formation are overlapped by gabbro. It may be 
further seen that the elevations of the north and south boundaries show 
local fluctuations as great as 200 feet, due to the folding of the formation 
and to differences in depth of erosion. 
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KINDS OF ROCKS. 

The great bulk of the Biwabik formation is ferruginous chert" more or 
less amphibolitie, calcareous, or sideritic aud tfray, red, yellow, brown, or 
green, with hands and shots of iron ore. It is analogous to the jaspers of 
the other iron piuges but differs in certain particulars, as will be seen on a 
subsequent page. 

Associated with the chert, mainly in the middle horizon, are the iron 
ores. Their surface area is only about o per cent of the total area of the 
iron-bearing formation, and the proportion of their hulk to that of the iron- 
bearing formation is much less. Near the bottom of the Biwabik forma- 
tion is a small amount of conglomerate and quartzite — that is, coarsely clas- 
tic sediments. A minute conglomeratic layer has also been observed in the 
Mahoning mine, in about a central horizon of the formation. In thin lay- 
ers and zones throughout the iron-bearing formation, and particularly in its 
upper horizons, are layers of slate aud of paint rock; the paint rock usually 
resulting from the alteration of the slate. Between the slate and the paint 
rock and the ferruginous chert are numerous gradational varieties, most of 
which come under the head of ferruginous slate. Associated with the slaty 
layers in the iron formation, or closely adjaceut to the overlying Virginia 
slate, are green rocks made up of small green granules of ferrous silicate 
which are here called greenalite. It will be shown later that these are the 
original rocks from which most of the other phases of the iron formation, 
including the ores, have resulted by alteration. Finally, certain calcareous 
and sideritic rocks are present in small quantity, particularly near the 
upper horizons, juwociated with the greenalite rocks The rocks of the iron 
formation are described below, beginning with the original type, the green- 
alite rock. The ores are reserved for a separate chapter. 

O RKKNAI.ITK KOCKS. 

In limited quantity either just below the Virginia slate, or associated 
with some slate layer in the iron formation, are dull, dark-greeu rocks of 
rather uniform fine grain and with conchoidal fracture. leavers of slate, iron 

« This rn. lt has been called laantile by the ««»1<vl««* of the Minnesota Mirvey, and the name ha* 
been much u«e<l locally. The term w nut here retained for the retu-.ri thnt the rwk i* n..t different 
fr.nn femurinoiw chert* ..( other |*rt* of the t-ake Sii|wrior region, a.- descritied in the monograph* of 
the I'nited State* tieoloKical Survey, and there if no reason to complicate rock nomenclature by add- 
ing a new name. There is no objection, however, to Its local use. 
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ore, and other phases of the iron formation usually mark their bedding. (See 
fig. li, PI. VIII.) On close examination, and particularly when the sur- 
face is wet, there may be observed numerous ellipsoidal granules of a green 
substance of a very slightly lighter green than the matrix in which they 
lie. They are so small and of a color so nearly like that of the matrix that 
they are likely to be overlooked unless especially searched for. (Set- 
fig. A', PI. VIII ) An occasional one is of much greater size than the 
average and looks like a conglomerate pebble in the rock. 

Under the microscope the granules are conspicuous. Their cross 
Mictions are round, oval, in some cases with much elongation, crescent 
shaped, lense shaped, gourd shaped, or even sharply angular (Pis. IX, XIII, 
XIV, and XV). Here and there a curved "tail" seems to connect one 
granule with its neighbor (PI. IX ). Where in contact with a layer of iron 
carbonate or calcium carbonate, as they frequently are, the granules become 
more irregular in shape and project into or are included in the carbonate 
layers as irregular filaments and fragments. The carbonate is largely 
secondary and clearly replaces the granules, hut some of it is perhaps 
original, and in this case the variation in shape of the granules where 
associated with the carbonate layers has a bearing on the origin of the ores, 
which is discussed on another page. One hundred and twenty measure- 
ments of the granules show an average greater diameter of 0.45 mm. and 
average least diameter of 0.21 mm , with average ratio of greatest to least 
of 100 to 47. The diameters rarely reach 1 mm. and seldom drop below 
0.1 mm. Occasionally certain of the granules may be seen to be aggre- 
gated into larger granules, with well-rounded outlines, making the con- 
glomerate-like fragments alx»ve mentioned. The greater diameters of the 
granules, for the most part, are parallel to the betiding, and in fact this 
arrangement largely determines the bedding. In ordinary ligl't the granules 
are green, greenish yellow, brown, or black. The green and yellow ones 
are transparent, while the brown and black are nearly or quite opaque 
Under crossed nicols the granules are either entirely dark or show a very 
faint lightening, hardly sufficient to disclose a color. Here and there 
incipient alterations to chert, griinerite, cumniingtonite. or actinolite, 
scarcely discernible in ordinary light, give low polarization colors in 
minute spots and make the term aggregate polarization applicable In 
reflected light the transparent green and yellow granules appear black or 
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GKEENALITK HOCK. 

Flo. .1. — Greetialitc ruck. J*|*<:ijiicn 4"ifM7. Kr«>tii nt-ur Pululli. Mixaahe and Northern Hallway 
track. 1 mile eolith of Virginia. Granules of greenalite. l.nt little alteted, !-tand in a nintrix of chert. 
I\-*erilied |>|>. 101-115. 

Km. A'. — Portion of Mirfmi- of xjiccitiien xhown in .1 xliithtly ttukirnilitsl to *how (rrvcimlile granule* 
to better advantage. 

Fiii. /f. — Inter! landed preenalite and plate rock. Specimen ■I.MTt!. From H>0 paces north 300 
pace* west of SK. comer of *ec, 22, T. ftfi N.. R. IS W. Natural wise. The black portion of the rock 
is olate ami the green portion is made up of greenalite granules lyin^; in a matrix of chert. 1 ireenallto 
ix cliunu-tcrii>1ically an-ocialtd with xlaty layer* In the iron formation: indeed, it i« due to their 
protection that trreenalite has been retained in comparatively unaltered form. Descrilied |ip. 101-115. 

11M 
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I'HOTOilirilOtUtArHS OK 4.HKKN AI.ITK l!K.\Xl I.KS. 



Ki... .1. -tireeiialite r.«*. S|n-ciim-u +M7S. «]i.lc ima. Kr..m Mi north .'Mm \<uf>- »wt 

of the wMJtheast corner nf hcc. L"J. T. .V.I N.. K. 15 \V. Without analyzer, x fitt. The *li>le i* hUi-IoI 
t.. *how lioth the fresh an.1 i-liu'lillv altcrc.1 imimilce. Sole tin- |«viiliiir «txfni«li-v«-ll.m c.h.r i.f the 
irmnulo)., their irnyulur »1i«|m', iitnl their curving tail*, which steem in .-mine n»>» t.> ...nnect with 
H'lja.i'iit (sranule-'. The iM.mouenec.iif crvenish-yelluw c.i).<r» rvprewent the tmalterol purl*. The 
hripht-v'rven ami <lark-j;rwn inlotv rvj.nwnt isnmcritc which Iihj. l>ci 11 .level."!*".! fr>Mii the ultcrati.ni 
of the srvcnalitc. The .lark jrreeii i* |>crha|i* in unmll |*irt imn nxi.lc. |V>criUil |>|". UH-1 15. 

Ki«i. //.—The fami' w ith analyzer, \ .'Ml. The unalleml iiortioii". >.f the itratmW are nearly ..r 
quite .lark i:n< Kt cr. ewol nic"l>- Where the uninuki 1 have alterv'l t • "irtincrilc the ]»>lnri/jti<Mi .nlniT 
aptwsir, The matrix coiipiKti. of tine^miiietl chert in which the imli\ i.lnal )»ti1i.-|..- ;irc very irregular 
ii: -h:i|K- an.l airx'. IN- HU-.1 |.|.. 101-11".. 
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dark green or dark yellow, while flit* t>]»it(|iic brown and black granules 
exhibit a rough light-green surface. Wen- it not for tin* light-green surface 
in reflected light certain of tin? opaque dark-brown grannies would be mis- 
taken for iron oxide in ordinary and polarized light. 

The matrix of the rocks containing the unaltered green grannies varies 
widely in amount, from a mere interstitial filling to an abundant mass in 
which the granules are widely separated. The matrix may be almost jane 
chert: it may he nouahiminous, monocliuie amphil>ole, actinolitc, griinerite, 
or eummingtonite; it may be largely iron or calcium carl>onatc, although 
where the carbonate is abundant the grauulcs are usually sparce and irreg- 
ular; it may consist of any combination of chert, amphibole, and carbonate, 
with a small amount of accessory iron oxide. 

( >riginally the matrix may have had a somewhat different character. 
In the rocks containing the least altered granules the matrix is predom- 
inantly chert and subordinately light-colored amphibole* and carbonate. 
As the rocks become altered they contain more iron oxide and dark amphi- 
bole*, which will be shown on a subsequent |>age to develop from tin- 
alteration of the granules. The lighter amphibole* are themselves known 
to be a secondary development from chert and carbonate rocks. It seems 
likely, therefore, that the original matrix of the green granules was largely 
chert and in small part carbonate. In the freshest rocks now found the 
chert is much recrystallized and the original carbonate is largely leached 
out or replaced by actinolite. 

The specific gravity of the unaltered granules can not be satisfac- 
torily determined, because of the practical impossibility of separating the 
granules from the matrix. Determinations of the specific gravity of the 
rock as a whole give results ranging from 2.7 to 3. As the matrix is largely 
quartz in the form of chert, which is known to have a specific gravity in 
the ncighlM.rhood of 2.65. the figures alw.ve given for the unaltered rock 
are too low for the granules themselves, although their incipient alterations 
to iron oxide and amphibole- tend to raise the specific gravity. So far as 
the matrix is colorless amphibole, it is apparent that the specific gravity of 
the green granules is lower than the figures obtained for the rock, for the 
specific gravity of the colorless amphiboles is above 3. One exceptionally 
fresh specimen in which the granules lie in a matrix of chert gave a result 
of 2.7. The matrix in thi* ease makes up something more than half of the 
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rock tunas, and it therefore seems probable that the true specific gravity of 
the granules is a little above 2 75. 

Four analyses of rocks containing the least altered granule* observed 
have been made by Mr. George Steiger of the United States Geological 
Survey. lie found that by treatment with hot concentrated hydrochloric 
acid most of the granule* and their associated alteration products dissolved 
out, leaving n residue of almost clear silica, which probably mainly 
represents the matrix. 
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Of which .1.3 »-■» frmiirt In tlw twt ii|«.n irv«1inti>i »Ub HCI. i |"ft<t»bl) up»l>. 
' Of which 23.HS i«».|llbU-. 

1. Sptvimeii 4575S. From 2- r »0 |iimew we*1, S3 pace* north, of tli«* wi»t onurl.-r poet. 35, T. 5f> 
X., K. 15 W. The finely gmuml rn k wa* evaporated on the water Iwth to drynew. with 50 ct\ of 1-1 
HCI. takon up with whIct "liphtly m'idifii'il with HU.iiihI tiltoml. SohlWc fitirft was then iMcnnini-<l 
in thi* rv.-uliie l>y Kilting with 5 |«r rent solution of Xa,C(V A ilett-rminatinn of wilulilc SiO. wan 
then muck' in the rock More treatment with 11(1 arwl nihtracted from the first w.hihle SiO, louwl, 
which gavv the llyiire for SiO, in the Hjlnhle portion. 
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2. S|«wimen 457ftS. From tent i>it in Cincinnati lnlnc. The soluble |«>rlkin wa* (omul l>y evaporat- 
ing to dry new on the water l«th with M re. of 1-1 IICl, ami talcing up w ith water slightly acidified 
with HO. Tin.- reeidue was then Ixiil**! fifteen minute* with a 5 per cent colutinii i>f Na.CO, to dis- 
solve any soluble cilim. thin irilica determined ami placed with the voluble portion. The residue 
was United »ti«l Anally heated for fifteen minutes over the blast lamp, weighed, and then a rough 
snaki-is made, which L- found in the second column. The small amount of iron Known in the- 
insoiuble portion cotil.l easily have Wn carried .lown mechanically. .\ determination of soluble 
silica was then in*.!.- in thy rork before treatment with IH'l an«l found t«. Ik- :!..{ |«-reent. Subtracting 
this from the tou) soluble silica lti per cent of soluble silica remain* (or the part dissolved in HO. 

3. S|>ecimen 4A78H. From test pit in Oneinnati mine. The finely ground rock wa- evaporated 
on the water liath to <lryne*i, with Ml it. of 1-1 HO, taken up with water slightly acidified with HO. 
and tilterml. Soluble silica wa» then determined in this residue by boiling with 5 ]ier cent solution 
of Xa,0">,. A determination of soluble Sit), wm then made in the rock before treatment with 
HO and subtracted from the first soluble Sin., found, which gave the figure for Sit)., in the soluble 
portion. 

•4. S|xvinicn 4.MS0. From Mil) juices west, HtO paivs north of the southeast corner i.f sec. T2, T. 5V< 
X.. K. 15 \V. Owing to presence of organic matter the determination of ferrous iron in probably high. 

Tlie interpretation of these results requires separate discussion because 
of the variation in nature antl amount of associated minerals 

1. Given and brown transparent granules, and opaque brown and 
black ones, containing: small amounts of secondary chert, carbonate, and 
limouite, stand in a matrix of chert. One large pebble-like area consists of 
granular limouitic material with a small amount of carbonate. In this area 
the outlines of granules can be distinctly seen, and the limouite clearly 
results from alteration of the granules. 

The undissolved portion probably mainly represents the matrix. 
The dissolved portion probably mainlv represents the green granules, 
the limouite, antl carbonate. In calculating the composition of the green 
granules, the carl>on dioxide, with enough of the bases to satisfy its valence, 
may Iw eliminated. As the microscope does not show conclusively 
whether carbonate is calcite, dolomite, or siderite in the calculation, the 
ba*es may be supposed to be combined with carbon dioxide in projmrtion 
to their strength. Thus the calcium oxide present, 0.28 jn-r cent, nmv be 
supposed to be combined with carbon dioxide, which would leave l.i<2 per 
cent carbon dioxide available for combination with other bases. Magnesium 
oxide is next in strength, and l.l»7 per cent would lie required to combine 
with the remaining carbon dioxide. This would leave O.M per cent of 
magnesium oxide, which may be sup|K>sed to belong with the green granules 
or with the associated alteration products. It is |>ossible that the carbon 
dioxide may be combined in part with ferrous iron, but in the absence of 
definite information the above combination is supposed to hold. Whatevei 
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tin.- combination, it will he noted that the total amount of airlM.ni dioxide is 
8<i small that the exact determination of the combination in not a matter of 
consequence. After making deductions for the carbonates, the composition 
of the green granules and the associated alteration products is as follows: 



SiO, 13.45 

Al/i, 37 

Kt-,0. 15.00 

FH> 10. 2S 

M«l> MS 

ll.d al»j\c 1 H. : 4.17 



We know that iron protoxide and magnesium oxide never occur in 
rocks except in combined form. The magnesium compound known as 
brucite (Mg(0H) 7 ) has not been noted in these rocks. It is necessary to 
assume that sufficient soluble silica is combined with ferrous iron and 
magnesia to satisfy their valence, and when this amount is deducted little 
or none is left for combination with the feme iron. It is thus clear that a 
large portion of the green granules is ferrous silicate. It is further clear 
that the ferric iron shown by the analyses is in the form of feme oxide, 
and thus pmhuhtv secondary. If original, it may still be independent 
of the green granules, and there remains only a possibility that the feme 
oxide may be an original constituent of the green, granules themselves. 
This is in accord with the microscopic observation of the presence of a 
considerable amount of limonite in the slide. The lhnonite is secondary 
and independent of the green granules, and thus the feme iron, with 
the water combined with it, may be eliminated from the discussion of the 
composition of the green granules. Of the combined water shown in the 
analysis 2.53 per cent would be required for combination with the feme 
iron, on the assumption that the latter is all in the form of limonite, thus 
leaving 1.G4 percent of water probably belonging with the green granules. 
It is concluded, therefore, that the material of the green granules is essen- 
tially a hvdrated ferrous silicate, with a small amount of magnesium and 
possibly a slight amount of ferric oxide and alumina. The total alwence 
of the alkalies and phosphorous is to be noted. 

2. In this rock the granules are green and transjwrent and in part 
tlark brown, black, and opaque, and show a verv slight and practically 
negligible alteration to greenish and colorless amphibole. The matrix is 
chert. The undissolved portion probably mainly represents the matrix. 
The dissolved portion mainly represents the green granules. 
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The composition of the "Teen granules, together with their minute 
alteration products, is therefore as follows: 

xio.. ifi.ot) 

Al,<«, . ; «i 

F,,i », 13 xi 

K.<» 17 '.7 

Mko 

H/'ulH.velKV 



Arguing a" above, we know that iron protoxide and magnesium oxide 
never occur in rocks except in combined form. The magnesium compound 
known as hrucite (Mg(OH),) has not been noted in these rocks. It is 
necessary to assume that sufficient soluhle silien is combined with ferrous 
iron and magnesium oxide to satisfy their valence, and when this amount is 
deducted little or none is left for combination with the ferric iron. 1" rom 
this it is clear that a large portion of the green granules is ferrous silicate. 
It is further clear that the feme iron shown by the analyses is in the form 
of ferric oxide, and thus probably secondary. If original it may still be 
inde|H-ndent of the green granules, and there remains only a |>ossibility 
that the ferric oxide may he an original constituent of the green granules 
themselves, but as no iron oxide can be certainly observed iu the slide this 
possibility must be recognized. Thus most of the ferric oxide, together 
with any water which may be combined with it, may be eliminated from 
the discussion of the composition of the green granules. If the iron oxide 
were all limonite it would not require all the combined water, and thus a 
considerable portion of the combined water must belong with the green 
granules. Thus the material of the green granules appears to be mainly 
hvdratcd ferrous silicate with a small amount of magnesium and perhaps 
also small portions of ferric oxide and alumina The entire absence of the 
alkalies and phosphorus is to bo noted. 

3. The granules, of a greenish-yellow color, are slightly altered to 
colorless and iu part slightly greenish amphibole, and lie in a matrix of 
colorless and slightly greenish amphibole, associated with a subordinate 
amount of chert. There is present in addition a small amount of oxide of 
iron which may be either more or less hydrated hematite or magnetite. 
The insoluble portion, which is small iu amount, is shown by the analysis 
to be mainly silica, with a subordinate amount of ferric iron. The soluble 
portion contains the greenish granules, the amphiboles, and the major 
portion of the iron oxide As there is microscopic evidence both in this 
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ruck and in the iron-formation rocks as a whole that the amphiboles result 
from the alteration of the green granules, and in many eaacs.at least merelv 
by recrystallization and dehydration of the substance of the green granules, 
it is apparent that no great error will be introduced if the substance of the 
amphiboles l»e considered together with the rest of the soluble material in 
determining the approximate composition of the green granules. The 
composition of the green granules, together with amphiboles resulting from 
their alteration, and the black iron i.xide, is: 

Wo :». II 

Al,(>, 5« 

Ft-,0, 6.44 

KpO :i0.5« 

M«0 5.35 

ll.O .hove 110° 6.1.1 

■ 

The percentage of ferric oxide shown is small, ami it is thought that it 
is largely accounted for by the oxide seen in the slide and thus ought not 
to be counted as belonging with the green granules. If a portion of the 
iron is magnetite, then a small percentage of ferrous iron belongs to it. 
If it were all magnetite, about 3 per cent of the ferrous iron would be so 
combined, and hence the true figure is probably less than this. At most 
but a very small percentage of the combined water can be supposed to 
belong with the ferric oxide, and also but little can belong with the 
amphiboles; the large percentage of combined water shown by the analyses 
belongs largely to the sulwtance of the green granules. The analysis 
therefore shows the original green material to be essentially a hydrous 
ferrous silicate with a considerable percentage of magnesium, and perhaps 
small amounts of ferric oxide and alumina. The entire absence of the 
alkalies and phosphorus is to be noted. 

4. The granules are in part yellowish brown and transparent, ami in 
part dark brown, black, and opaque, the latter showing the characteristic 
rough, green surface in reflected light. They are hugely fresh, but a 
number of them show slight alterations to colorless, light-brown, and light- 
green amphibolc. There is present also a small amount of black iron oxide. 
The matrix is mainly a felted mass of colorless amphibole, with a slightly 
greenish pleochroism, with high double refraction and low angle of extinc- 
tion, which corresponds in its properties to actiuolite. The amphibole 
within and adjacent to some of the granules may be seen in all stages of 
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development through the alteration of the granule*, and it is probable that 
all of the am pinhole has developed in this way. 

In this analysis the composition of the entire rock was first determined 
and then the soluble silica found. No determination was made of the 
substance left in tho residuum after the treatment with hydrochloric acid, 
and it is not possible to state how the amphibole in the matrix acted under 
the treatment. The analysis, therefore, affords no direct evidence of the 
comjKwition of the green granules. Hut it seems probable that at least 
a part of the amphibole went into solution with the hydrochloric-acid 
treatment. The soluble portion would, then, contain the original green 
material, an unknown quantity of amphibole, and a slight amount of black 
oxide of imn. If the amphibole which may have gone into solution be 
considered as an alteration of the original green material essentially by 
simple recrystallizntion, as it certainly is in the iron formation as a whole, 
then its ingredients need not be separately considered in arriving at an 
approximation of the composition of the original green material. Most 
of tho ferric iron shown in the analysis is accounted for by the black oxide 
ot iron seen in the slide. As the black oxide of iron is at least partlv 
magnetite a small percentage of ferrous iron must be supposed to belong 
with it. If the ferric oxide all belongs to maguetite, 2.2 per ceut would be 
so required; so the true figure is probably something less than this. A 
still further deduction must be made from the ferrous iron, as the analyst 
makes the statement that the percentage of ferrous iron is probably high 
because of the presence of organic matter. Only a very small percentage 
of the combined water can be accounted for by combination with the oxide 
of iron, for this is in small quantity, and, moreover, hugely magnetite. 
Neither can any of the water be supposed to belong with the amphiboles, 
for the latter are nearly anhydrous. Thus most of the water belongs with 
the substance of the green granules. It is clear that at least a part, of the 
material of the dissolved portion is a hydrous ferrous silicate, and it is 
certain that this part belongs with the unaltered green granules. 

Assembling the above results, it appears that tho ferric iron occurs in 
the rock mainly as scsquioxide, for the soluble silica is accounted for by 
the ferrous iron and magnesia present, leaving none for the feme iron: that 
in three slides of the four of the rocks analyzed the ferric oxide may be 
observed to be present and to be probably secondary: and. hence, that 
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the iron oxide shown by the analyses is mainly secondary and not to be 
considered an belonging with the substance of the unaltered granules It 
appears further that the alumina and lime are in such small quantity as to 
be practically negligible. It appears still further that there is far more 
than enough combined water to combine with the ferric iron to form ferric 
hydrate, and thus that a considerable portion of combined water shown 
by the analyses may be taken to belong to the green granules. Finally, 
it appears that the substances which can not be accounted for in anv 
other way and which clearly belong with the green granules are silica, 
ferrous iron, magnesium oxide in small proportions, and water. It is there- 
fore concluded that the substance of the green granules is essentially a 
hydrous ferrous silicate with a subordinate amount of magnesium, and 
that if ferric iron is present at all as an original constituent of the green 
granules it is in small quantity. 

This conclusion is essentially in accord with that reached by Lb-. J. E. 
Spurr in his report on the Mcsabi district published in 1894." 

Having concluded the substance of the green granules to be mainly 
silica, ferrous iron, magnesium oxide, and water, we mav ascertain whether 
or not there is any uniformity in the proportions of these elements. The 
ratios of the silica, ferrous iron, and magnesium in the four analyses, 
calculated on the basis of 100, appear in the subjoined table. The 
percentage of water is not included for the obvious reason that, while it is 
certain that much of it belongs with the granules, no quantitative estimate 
can be made of its amount because of the uncertainty as to the portion 
which belongs with the ferric hydrate. 
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43.7 
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47.7 
44. « 
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40. 2 
50.9 
8.9 


44!. 8 
46.3 
7.1 



The relative proportion of the ferrous iron and silica above shown 
suggests a combination of the two on the basis of one molecule of each. 
Theoretically the percentages of the two in such a combination would be — 

Sllit* 45.82 

Ferroun iron M. 38 



«■<;<*»!. Nat. Hint Survey Minm^.m, Bull, X... 10. 
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Tli© average of the ferrous irou, 46.3, is about 8 per cent less than 
the theoretical percentage. The magnesium oxide, which has a higher 
combining power than the iron, more than makes up for this deficiency. 

On a subsequent page (pp. 141-143) is given an analysis of a rock in 
which the green granules have been altered to a dark-greeu and brown 
amphibole, probably griinerite, apparently through simple recrystallization 
and dehydration. The alteration has occurred under deep-seated conditions, 
and it is probable that little, if auy, addition or subtraction of material has 
taken place, other than that involved in dehydration. " The composition 
of the amphibole ought to give a clew to the composition of the original 
green substance. It is there found that the principal constituents of the 
amphibole. are silica and ferrous iron, in the following proportions: 

Sil), 47.5 

FcO 52.5 

The correspondence of these percentages with those above given is 
evident. 

It is apparent that the above results are not sufficiently accordant to 
show that the substance under discussion has a definite and uniform compo- 
sition. On the other hand, the impurities and alterations cause such vari- 
ations that it can not bo said that the green granules do not have definite 
chemical composition. If the granules do have a definite composition, the 
above results indicate the most probable formula to be Fe(Mg)OSi0 2 nH 2 0. 

Dr. Spurr, after his study of the green granules, concluded to call 
them "glauconite." In view of the fact that ]K>tash is insisted upon aa one 
of the essential constituents of glauconite by most mineralogists (see pp. 
239-243), the entire absence of potash in the substance under discussion is 
taken to procludo the application of the term glauconite. The substance 
apparently corresponds to no known mineral species. As it will be neces- 
sary and convenient to have a term by which to refer to it in the present 
discussion, the name "greenalite" is coined for use in this report 

The origin of greenalite and the details of the similarities and differ- 
ences between greenalite granules and granules of glauconite, concretions 
of iron oxide and cliert, and other granule and concretionary structures, 
are discussed in Chapter IX, on the origin of the iron ores. 

"In ft monograph on Metamorphimn lin pnsrn) C. K. Van Him emphasize* the fact that alter- 
ation* in tne dw].-«»ted "sooe of anamorphism " for the moat part involve no considerable transfer* 
of material. 
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FKKHl OINorS, AMIH1 B< >MTH", SIDEBITIC, AND CALCAHKOIS C HERTS. 

Tin- following description applies to the normal types of chert occur- 
ring through the central and western portions of the range. The highly 
metamorphosed chert characteristic of the east end of the range is given a 
separate description on a subsequent page. 

The cherts are gray, yellow, red, browu, or green rocks, with irregular 
bands ami shots and granules of iron oxide, varying in quantity from 
predominance almost to disappearance (l'l. X-XII). A slight breceiation 
thoroughly recemented may lie occasionally observed, and n pitted 
surface, due to the solution of certain of the constituents, is not uncommon. 
The iron oxide is mainly intermediate between hematite and limonite, mid 
to a subordinate extent is magnetite, and its color accordingly ranges from 
red to yellow or to black. The variety of colors of the chert and the iron 
oxide, their irregular association, and their variation in relative abundance 
give the cherts most highly varied aspects; yet no phase of the cherts 
is likely to be mistaken for any other rock by anyone reasonably familiar 
with the iron-formation rocks of the Lake .Superior region. To the casual 
observer, the n Missive, lighter-colored cherts, containing little iron oxide, 
resemble quartzite, and, indeed, have been frequently so called. However, 
the splintery fracture of the chert and the absolute lack of rounded clastic 
grains, aside from the usual content of iron oxide in layers or spots or 
minute grains, are unfailing criteria for the discrimination of the two. The 
ferruginous cherts differ from the jaspers or jaspilites of the old ranges of 
Lake Superior in lacking their even banding and brilliant red color m 
well a-s the microscopic features described below. 

When studied under the inicroscojH-, it is apparent that all the rocks 
here described as chert are genetically connected. In looking over 250 
slides but few have been observed which do not show some evidence of the 
derivation of the rock from the greenalite rocks above described. The 
granule shapes are still largely preserved," but the alterations have tended 
in some cases to make the shapes more irregular and to partly or wholly 
obliterate them. The alteration of the granules has been almost entirely 
metasomatic for there is little evidence of dynamic movement resulting in 
the breaking up of the constituents of the rock. 

"Spun- Inn a|.|-ln-.l 1.. tlii* t.-xtniv tin- U-nu '.-[.itu-.i granular.' liool. .Nat. I Int. Survey 
Mitm.-w.ta, Hull. S". ><'• 



Digitized by Google 



THE BIWABIK FORMATION. 



117 



The greenalite has been replaced by cherty quartz, magnetite, hematite, 
limouite, siderite, calcite, griinerite, cummingtonite, actinolite, epidote- 
zoisite, or anv combination of them. The extent and nature of the 
alteration replacement vary within wide limits. The granule may be 
mainly greenalite, showing incipient crystallization of quartz, griinerite, 
or actinolite, visible only under crossed nicols. The granules may be 
represented almost wholly by hematite, limonite, magnetite, intermediate 
varieties, or any combination of them. The oxides may be arranged 
irregularly or concentrically. In the iron ores the granules are entirely 
represented by iron oxide, although their shapes are in part obliterated. 
The granule may be represented almost wholly by chert, which may 
be distinguished from that of the matrix by its coarser or finer texture, or, 
if not by texture, by distribution of pigment. In ordinary light chert 
granules may be marked by the pigments which in parallel polarized light 
are completely obscured by the crystallization of the chert (PI. XV, 
figs. (' and T)), or the granules may not be seen in ordinary light and be 
conspicuous under crossed nicols because of the crystallization (specimen 
45191). Or the crystallization of the chert may have entirely obliterated 
the granules for much of the slide, both in ordinary and polarized light. 
Tin* granules may be represented entirely by green, yellow, and brown 
griinerite, cummingtonite, or, perhaps, actinolite, or all (specimen 45497), 
which in ordinary light may be scarcely distinguishable from the unaltered 
greenalite granules, but which become apparent under crossed nicols by 
their double refraction. The granule may be represented by calcite or 
siderite in rhombs or irregular grains, sometimes showing zonal growth, 
which, for the most part, are clearly replacements of the granules (speci- 
mens 45171, 45172, 45174, 45219, 45222). Most commonly the granules 
are represented by a combination of any or all of the minerals above 
named. Of these combinations, that of chert and iron oxide stands first. 
The two substances occur in all proportions with a great variety of arrange- 
ment. The two may lie irregularly intermingled, or the iron oxide may 
form a rim about a cherty interior, or, though not frequently, the chert 
and iron oxide may lie in concentric layers in the manner of normal con- 
cretions, or polygonal areas of fine chert may contain spots of iron oxide in 
the center of each, as well as a rim of iron about their peripheries (PI. XIV, 
figs. A and /?), suggesting an organic structure. The alteration and 
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replacement of the greenalite and the conditions favoring the development 
of the different minerals are discussed under the origin of the ores. 

In addition to the derivatives of the greenalite granules there are 
present a few concentric coucretions of iron oxide and chert about quartz 
(see PI. XIII, fig. Z>), which may have been secondarily developed 
from some substance other than the greenalite. These are similar to con- 
cretions in the Penokee-Gogebic iron-bearing formation/ where they have 
develop from the alteration of an iron carbonate. (See PI. XVI, fig. A.) 
The secondary concretions in the Mesabi district may also be developments 
from iron carbonates, which are now associated with unaltered portions of 
the formation and probably existed formerly in the portions which are at 
present altered. The secondary concretions are different, from the greena- 
lite grauules in their beautifully developed concentric structure, as may 
be noted by a comparison of the figures of PI. XIII. While a few of 
the granules themselves have a concentric structure resulting from zonal 
alteration, this is usually poorly developed and there is ordinarily little 
difficulty in distinguishing it from that of the secondary concretion, though 
in some cases it is possible that some of the supposed secondary concretions 
formed from carbonate may be really secondary alterations of original 
granules. 

Spherulites of opidote, rarely to be observed, while in part replacements 
of the granules, are also clearly secondary developments in the matrix. 

The occurrence of true secondary concretions associated with the 
derivatives of greenalite granules in the Mesabi district suggests that greena- 
lite granules may be present with the secondary coucretions in the Gogebic 
district. With this idea in mind a number of si>eeimen8 and slides from 
the Penokee district have been examined and the descriptions given by 
Van Hise in Monograph XIX carefully read. While a great majority of 
the granule structures in the Gogebic rocks are unquestionably secondary 
concretions resulting from the alteration of iron carbonate, as shown by 
Van Hise, a considei-able number of granules were found which are almost 
certainly derived from greenalite granules (see fig. B of PI. XVI), for 
they are identical in every way with the derivatives of the greenalite gran- 
ules in the Mesabi district 

In this connection it is of interest also to note that II. L. Smyth found 
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round and oval forms in the ferruginous cherts of the Groveland formation 
(Lower Huronian) of the Felch Mountain area in Michigan, which, on 
comparing with the greenalite granules and their derivatives from the 
Meaabi district, he concluded had the same origin." 

The matrix of the chert may be a sparse interstitial filling between the 
granules, or it may form most of the rock mass and contain hut few isolated 
granules. The matrix is similar to that of the unaltered greenalite rocks 
in that it is mainly chert, but it differs in containing far more actinolite, 
griinerite, curamingtonite, iron oxide, calcite, and siderite, and rarely epidote- 
zoisite in spherulitic form. Sometimes also green chloritic substances are 
abundant, either irregularly distributed through the matrix or forming a 
definite rim about the granule. lu the latter case the chlorite is in part in 
the fibrous form known as delessite (specimen 451 73) and much resembles 
uralite. The recrvstallization of the rock has in some cases made the chert 
in the matrix coarser than that of the granules and in some cases the 
reverse. The leaching out of the carbonates and greenalite from the matrix 
has occasionally left cavities which give the pitted character to the 
weathered surface of the cherts. 

Accompanying the recrvstallization of the chert has been its frequent 
adoption of radial or sheaf-like forms, giving black crosses under crossed 
nicols. These sheaves, as well as the sheaves of actinolite, griinerite, and 
cummingtonite, and rarely epidote, frequently lie with their butts against 
the outlines of the granules and send their point* outward until they 
interlock with similar projections from adjacent granules. Commonly, 
also, one or more of the constituents of the matrix may be observed to lie 
partly in the matrix and partly in the granule, thus helping to obliterate the 
granule. Indeed, under crossed nicols the granules may not be observed, 
while in ordinary light their position may be indicated by the distribution 
of the fine pigment. (See figs. C and I) of PI. XV.) 

All of the constituents in the matrix are secondary except, perhaps, a 
part of the chert, ami even this has been thoroughly recrystallized. The 
amphiboles and iron oxide may be observed to have developed by the 
alteration of the granules and some of the lighter amphiboles by the 
alteration of carbonate and chert in the matrix. The carbonate is largely, 
though not entirely, replacement from without, for it may be observed 

« Mon. i:. R Geol. Survey Vol. XXXVI. 1899. j»p. 421-122. 
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replacing nearly all the other constituents of the rock and to occur in 
minute veins crossing the rock. 

The segregation of the iron oxide in the granules and matrix due to 
the alteration of the greenalite, when on a large scale, has yielded the iron- 
ore deposits, and this feature of the alteration will be more fully discussed 
in connection with the origin of the ores. 

The above description covers the general characteristic features of the 
greater part of the cherts of the iron formation. There remain certain minor 
and peculiar phases of the cherts which merit further brief description. 

Characteristic of basal horizons of the iron formation is an exceedingly 
dense siliceous and ferruginous rock, with gnarled and contorted interband- 
ings of red, white, brown, and black layers. Some of the quartz is vein 
quartz which fills partings essentially parallel to the layers. (See fig. A of 
PI. XII.) The rock in general has the hard vitreous aspect 'of jasper of 
the old iron ranges of Lake Superior, but the hands are not nearly so clear 
cut and even as in typical jasper. Under the microscope the rock is seen to 
be an exceedingly fine-grained chert containing the usual granules, which 
are here of approximately the same composition as the groundmass, but 
marked off by iron oxide in evenly distributed particles or in concentric 
rings. The characteristic feature of the rock is the matrix, which contains 
particles of iron oxide and of greenish and yellow chloritic and ferrous sili- 
cate substances, and occasional axiolites of ehalcedonic quartz, in parallel 
gnarled and contorted lines resembling the flowage lines in the matrix of a 
vitreous lava. (See fig Ii of PI. XIII.) 

The rock in places grades into a breccia, and is with exceeding difficulty 
distinguished from certain phases of true conglomerates containing jaspery 
fragments at the base of the iron formation. Indeed, the similarity is so 
great as to suggest that possibly some of the rocks which have been 
described as connlomerates are reallv breccias. However, most of the con- 
gloinerates have true warerworu quartzitic matrix, which may be easily dis- 
tinguished from the chert y matrix of the brecciated rocks. 

The presence of the breccia at the basal horizon of the chert leads oue 
to suspect that the gnarled and contorted nature of the ferruginous chert at 
this horizon is due to differential movement between the ferruginous chert 
and the quartzito during the folding of the Upper Huroniaii series. (See 
pp 17S-180.) Spun- has descrila-d the brecciation of the ferruginous 
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Fio. A. — Gray ferruginous chert. Specimen 45027. Kroin Chicago mine in aec. 4, T. 58 N., 
K. 1U W. Natural aize. This U one of the characteristic aspects of the ferruginous cherts of the 
iruii formation. Under the microscope iron oxide and chert can he *eei> still marking the shape* of 
the greenalite granule*. Described ]>p. 116-120. 

Km. /<. — Ferruginous chert. Specimen 455K8. From the Mahoning mine. Natural size. The 
ruck uliow* interbanding of chert with iron oxide. Deecribci] pp. 116- 120. 
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Fits. .4. — Ferruginous chert. Specimen 45085. From Mountain I mn ti line. Natural Hire. This 
rock is a dense yellow chert which is frequently associated with iron-ore deposits. I'nder the 
microwoix) the grcenalite granules are seen to be represented by slightly isdaririiig finegrained chert, 
which lies in a matrix of limonite. Described pp. 137-138. 

Fio. It. — FerroginonB chert. Specimen 4KJ09. From Diamond mine in see. 15, T. 56 X., R. 24 W. 
Natural site. The rock shows the irregular mottling of the Iron oxide. The remains of the greenalite 
grannies can be seen under the microscope. Described pp. 1 10-120. 

Fio. C— Ferruginous chert. Specimen 45503. From Clark mine. Natural size, The mek 
shows interlKandinii ->f chert with lr»n oxide. Described pp. 1 1(1-120. 
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PKKBI'UINOUI) CIIEKT. " JA8PERT " I'HAHK, AND FERRIGINOCS CHERT IN CONTACT WITH 
QUAHTZITE OF IRON-REA RING FORMATION. 

Flo. .1. — Ferruginous chert with gnarled and contorted handing. Specimen 45420. From drift 
fragment* jiwt cart ..f MesaU station in sec. 21, T. 5B S.. R. 14 W. Natural sine. This phase of 
ferruginous chert is <hara«-terifltic of tin- b*sal horizon of the Riwahik formation. The red lands 
are iron-stnlned chert; the lighter ones are chert and vein quartz. Under the microscope ttie shapes 
of the granules can 1* ween to have been retained by chert and iron oxide, ntweribed p. 120. 

Fie;. II.— Ferruginons chert in contact with quartzite of iron formation. Specimen 40H52. From 
the Cincinnati mine. Natural size. The chert in the gnarled and contorted phase characteristic of 
baric horizons. The sharpness of its contact with the ferruginous ipiaruite i> to l« noted. In some 
places ferruginous quartzite and chert of this kind are minutely interbanded at thin horizon. 
Described, pp. 120 a«d 166. 
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I'HoToMirurx.RArns or vue.su and altered oreenalite <;rancles and ferruginous 

CHERT CONCRETIOX. 

Flo. .1. (irectialite ruck w ith bands of carlwnate. Specimen 4517H, slide !W2. From H» paces 
n,.rth, 500 paces west of southeast corner of sec. 22, T. 5(> X., R. 15 W. Without analyzer, x 50 
Greemilltc granule* slightly altered to gninerite, iron oxide, and chert, stand in a matrix of chert 
On the left stile <.f the figure is a band of carbonate, probably largely calcium carbouate, but perha|.s 
in |>art iron carbonate. Attention is called to the irregnlar nature of the greenalite granule* near the 
contact with the carbonate l*nd. The irregular tlark fragment* in the carbonate lmntl ait- al*o 
greenalite ami their alteration product grunerite. Described pp. 101-115. 

Flo. ft.— Chert with granules and handing. Specimen 4541H, slide 15700. From hill just cast of 
town of Mcsaha. Without analyzer, x 50. This is a phase of chert which is typii«l of bawl horizons 
of the iron formation. The rock consists essentially of chert. Iron oxide occurs outlining the altered 
granules, and also occur* in contorted line* and Ijands representing flow line* in a lava. Described 
[.. 120. 

Flo. C. — Uivenaiite granules. Specimen 457(15, slide 10W>. I'rom Cincinnati mine. With- 
otil analyzer, x 40, The granule- are for the most |>urt unaltered, and are dark green, light green, 
or yellow. Some of themshow alterations to iron oxide and to dark-jrrcen rhloritic material. Where 
altered they become dark brown, black, nr dark green. The matrix is entirely chert. Evidence 
of crushing i* to lie observed in minute cracks minifying through the slide. Xote the remarkable 
similarity in shi(|n'H of tlkw granules to those of the gnvn granule* in Clinton ores, illustrate! I'l. X XI. 

Flo. I) — Concretionary chert. Specimen 407H7. slide 15415 From the NK. i of the SF- \ of sec 
■I'k T. M> X., U. 17 W. With analyzer, x 11)0. This is one of the rare normal concretions in the 
iron formation of the Mesa hi district. The interior is a single grain of quart*. This it- surrounded 
by concentric layers of ipinrtx and iron oxide, the latter somewhat hydmted. The matrix is chert. 
This structure resembles the concretions figured by Van Hi-*' from the (logebic district (see I'l. XVI I, 
and is lielicvcd to be ouite different from Ihe grcciwlitc granule- figured in the prvceding plates. 
Described p. 1 I V 
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I'llOTOMICKOttKAPIIS OK KERKt"(iIN'<)L'S Cil KUT GRANULE!*. SHOWIM! MOTTLING. 

Fm, .1. — Ferrm/inoiis chert with mottled irranule. Kjiecimen +V52K, slide W.i'H. Fphii lu-air the 
center of tli4> SW. J ( if 10, T. f>* N., It. lit W. Without aimlyxer, \ 12.V The ttrannle here phown 
Is of chert ami reddish iron oxide. The chert ixviirs in Mnall |mlygonal block* sejiarated 

by the oxide. F-n h of the chert individuals contain* in it« interior A more or lee* noticeable imeleui" 
of iron oxide. The matrix in chert. A »>milar .itnietnrc has been noted in the iron ores of the Ver- 
milion district und in the Clinton ores In the latter caxtn the mottled i-rtructure is clearly due to the 
replacement of a nhell with regular structure. Ifcecribed p. 117- 

Fio. Another granule in the same «lide, showing a different aspect of the fame feature. 
Iksvrihed p. 117. 



130 



U. S. GEOLOGICAL SURVEY 



MOSOftR*PH XLIII PL. XIV 




PHOTOMICROGRAPHS OF FERRUGINOUS CHERT GRANULES SHOWING MOTTLING. 



Digitized by Google 



PLATE XV. 



131 



Digitized by Google 



FlIOTOMICHCKIKAI-HS OK FEKKUulNOlS CI1KKT SIIOWIX4J I.ATKK STAGES OK THE 
ALTERATION OK UHEENALITE (IRANXLEK. 



Km. .1. — Ferruginous chert with granule?. S|>eoinien 45003, slide 1550;}. From near center of 
sec. 22, T. 00 N., R. 13 W. Without analy<cr, x 50, Tim granule* are outlined and in part replaced 
by iron oxide. The matrix in chert. The complex nature of one of the granule*, is to W noted. 
Apparently one complete small grannie i» entirely incloeud in another large one. Described 
pp. Ilo-l'io. 

Fin. li. — (irimeritic ferruginou* chert. S|ivcimeii 43003, slide 15i>74. From ('lark mine. With 
analyzer, x 50. The ruck consist* of chert and iron oxide and gninerite. The iron oxide I* a 
yellow i*h-brown hydrated variety, which is with difficulty distinguished from the gninerite. The 
granule have l>een entirely obliterated. Dem-ril*.*! pp. 1 16—130. 

Fu;. C — Ferruginous chert with granule*. S|iceiiucn 45 1 KM. slide 15657. From 4*) |>oce* north. 
35 paw went, sec. L'K. T. fl» N., R. 15 W. Without analyzer, x 50. The rock consist* almost entirely 
of chert with a email amount of iron oxide. The grauukw are marked by a light pigment whicli on 
a hurried examination would 1m> xcarecly notice). Pm-rital pp. 1 10-120. 

Flo. I). — The name under crossed nieola. The cherty nature of the rook i* here shown, and the 
granules are ipiite olwcurml by the double refraction of the chert, Dew-ribed pp. 1KM20. 
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IMIOTOMICROOJlArHS OF FEBUliUXOL!* CIIKKT OF FENOKEE-OOOEJIIC DISTItlCT. 

Fig. .1.— Concretionary chert. Specimen 9048, slide 2880. From Penokee-GoRe)>ic district. 
Without analyzer. These are the normal concretion* from the Penokee-GoKvhic district guppoftfti 
by Van Hint- to lie xecondary deve lopmeiile durinif the alteration of an iron carlmnate. (PI. XXII, 
fig. 1, Mon. I". S. (reol. Survey Vol. XIX. Described on pp. 227 and 22S of Mon. XIX.) 

Fit;. Ferrutfinoux chert. S|>eciiiien WS25, *lide 3150. From Petiokee-Gogebii' district. 
Without analyzer, x 80. The frranuUv here hIiowm are identical in a*] wet with (rranulen in the Mcsabi 
iron formation which can Ih> nhnwn to have developed from greenalite. ( Reproduced from l'l. XXVII, 



fig. 2, Mon. V. 8. Geol. Survey Vol. XIX.) 
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cherts as due to the strain incident to the change of volume during the 
alterations which the rock has undergone. Certain of the breeciated 
phases in higher horizons of the formation might be thus explained, but 
the persistent belt at the base is evidence of more concentrated movement 
along one horizon than could be attributed to chemical strains. 

Another phase closely associated with the above-described jaspery 
phase and characteristic of the lower horizon of the iron-bearing formation 
is a dense purplish-red chert in which the characteristic granules are very 
slightly differentiated by a somewhat lighter red or purple color. Under 
the microscope the rock appears as a fine-grained chert with granules 
marked by iron oxide, largely hematite and magnetite, sometimes arranged 
peripherally. The rock differs from the jaspery rock alx>ve described only 
in lacking the gnarled and contorted minute bandings and in containing 
less clear quartz. 

A rare rock associated with the ferruginous chert is composed of inter- 
banded chert, iron, and greenish-yellow material which is partly chlorite, 
in the form of delcssite, and partly serpentine. TIub may be observed in 
the Fayal mine. 

The ferruginous chert in several places exhibits ellipsoidal nodules 
with their greater diameters in the plane of bedding. They may be well 
observed in the railway approach of the Oliver mine. They reach a diam- 
eter of 6 inches, although commonly they are smaller than this. The 
nodules consist of ferruginous chert similar to that in the layers adjacent, 
differing only in l>eing more massive and perhaps somewhat finer grained. 
The layers apparently do not continue through the nodules. Some of them 
abut against the nodules and others bend slightly in passing by. The 
nodules are similar to those in the overlying Virginia slate and to those 
found in slates and cherts in general. 

Still another type which should be specially mentioned is one which 
frequently occurs in the neighborhood of iron-ore deposits, a dense yellow 
chert owing its color to limonite. (Fig. A of I'l. XI.) Under the micro- 
scope there appear granules with unusual characters. In ordinary light they 
are practically colorless; under cross nicols they are almost isotropic, but 
show yellow polarization colors in minute spots, indicating incipient 
crystallization of quartz and perhaps other minerals. The matrix, at first 
glance, is apparently composed entirely of yellow limonite, but a high 
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power reveals in addition the presence of abundant griinerite or actinolite 
in typical sheaf-like and radial forms. 

The ferruginous cherts rarely contain a considerable amount of iron 
pyrites. The "gold mine," (500 steps west of the southeast corner of sec. 29, 
T. 60 N., K. 13 W., is a good example. The ferruginous chert is here a 
dark-gray and black, fine-grained, siliceous rock, in which the shapes of the 
greenalite granules can be easily distinguished, although the granules have 
been completely altered to chert. The iron pyrites occurs in large crystals, 
replacing all the other constituents of the rock, and also as a tilling in the 
interstices between the granules, and marking the outlines or even partially 
replacing the granules. The iron pyrites in this case has crystallized 
during or subsequent to the alteration of the granules. 

An occasional rock may be seen to consist of a dense felted mass of 
dark-green and brown amphibole, which is probably grunerite or cumraing- 
tonite, interbanded with carbonate of iron or calcium, or containing 
carbonate in rhombs, which frequently show a beautiful zonal alteration in 
their interiors. 

Chemically the chert* show wide variation. Comprising, as above 
descril)ed, rocks consisting almost entirely of silica, rocks consisting very 
largely of iron oxide, and rocks of intermediate kinds, with greatly varying 
quantities of associated minerals, the variety of results in the analyses listed 
below is to be expected. The analyses in the followiug table are of cherta 
lacking any large amount of amphibole. The analyses of the cherts rich 
in amphibole are given in a separate table. A part of the analyses are 
incomplete. Dotted lines indicate that the substauces have not been looked 
for. uot their absence. 
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1. Ferruginous chert below horiton of or* de|>oeit I specimen 40751); from sec. 28, T. 68 X., 
R. 17 \V„ norlh of Virginia. Analysis by Geo. Steiger. 

2. Ferruginous chert in horizon of ore deposits (specimen 40744); from Oliver mine. Analysis 
by Geo. Steiger. 

3. Ferruginous chert showing red granule* (specimen 450S2); from pit in southwest of sec. 3, 
T. 58 N., K. 17 \V. Analysis by E. T. .Vllen. 

4. Ferruginous chert, basal phase with red granules (specimen 4508S); from oatrropon S|*rta road 
Just cast of Fayal mine. Analysis by R. B. Green. 

8. Ferruginous chert (average of cores in several holes from beneath ore deposit ) ; from Donors, 
mine. Analysis by Lerch Bros. 

6. Ferruginous chert (s|iccimen 45590); from beneath ore deposit in XE. I of XE. J sec. 11, 
T. 57 X., R. 21 \V. Analysis by Lerch Bros. 

7. Ferrugiuoua chert (ejieclmen 455WJ); from just above slate in pump shaft of Penobscot. 
Analysis by Lerch Bros. 

8. Ferruginous chert (specimen 45589); from north wail of Mahoning mine. Analysis by 
Lerch Bros. 

9. Ferruginous chert (specimen 4.1543); from northwest of Meeabi Chief mine. Analysis by 
Lerch Bros. 

10. Ferruginous chert (s]«cimen 46S72 B); from Donors mine. Analysis by Lerch BroH. 

11. Ferruginous chert, hard bluish gray, seen grading into blue and black ore (specimen 45604); 
from Biwabik mine, east end. Analysis by R. B. Green. 

12. Ferruginous chert within ore deposit; from Adams mine. 

13. Ferruginous chert, green, handed, niliceonB (specimen 45653): from south of Virginia along 
Duluth, Misnat>e, awl Xorthern tracks. Analysis by E. T. Allen. 

14. Ferruginous chert, hard yellow, seen grading into limonite (specimen 456W2); from Biwabik 
mine, east side. Analysis by R. B. Green. 

15. Ferruginous chert, yellow (specimen 45003); from Clark mine. Analysis by H. X. Stokes. 
10. Ferruginous chert, in middle horizon; from XE. | sec. 21, T. 58 X., R. 14 W. Analysis by 

Lerch Bros. 

17. Ferruginous chert (specimen 05, chem. series Xo. 237). Analysis by C. F. Sidener, for J. E. 
Spurr. (See Geol- Xat. Hist. Survey Minnesota, Bull. Xo. 10, p. llri. ) 

IS. Ferruginous chert (specimen 107, chem. series Xo. 243); from H\V. [ of S\V. \ sec 2, T. 5* X., 
R. 11) W. Analysis by A. J. Hammond, for J. R Spurr. (See Geol. Xat. Hist. Survey Minnesota, 
Bull. Xo. 10, p. ) 

19. Ferruginous chert, top of Biwabik formation (specimen 101, chem. series Xo. 230) : from SK. ) 
of X\V. \ sec. 18, T. 58 X.. R. 18 W. Analysis by Alonto I). Meeds, for J. K. Spurr. I Sec Geol. Xat. 
Hist. Survey Minnesota, Bull. Xo. 10, p. 148.) 

20. Ferruginous chert, Biwabik formation i specimen 27 A, variety 1): from see. 33, T. 58 X.. R. 
17 VV. Analysis by C. F. 8idener, for J. E. Spurr. (See Geol. Xat. Hist. Survev Minnesota. Bull. 
Xo. 10, p. 54. ) 

It is apparent from the above that the ferruginous cherts grade from 
almost pure cherts to iron ore. The percentage of phosphorus is uniformly 
lower than that of the ores (see pp. 214-217). The ferric iron is greatly in 
excess of the ferrous iron; calcium and magnesium oxides are rare; carbon 
dioxide is almost entirely absent. Another characteristic feature which is 
not emphasized by the analyses is the presence of organic matter. The loss 
on ignition consists partly <>f the oxidation of organic matter, according to 
chemists who have handled the Mesabi ores (see p. 21X). The content of 
organic matter is not so great in the ferruginous cherts as in the slates. 
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The cherts in which the amphibole constituent is abundant show 
composition different from that of the cherts above analyzed. 

AnaJy*<e# of amphiMitir vhvrt*. 
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•• Oolnii t.i I'tvwiK'i- of nrxHiiU- mutler tli* delutmliiatlun of frrrou* iiuii h probably hiirli. 

Specimen 45028; from old Chicago mine in NE. | of SK. \ of see. 4. T. 58 N., K. 16 W. Analysis 
by George Steiger. 

Specimens 45848 and 45649; from pit near Duluth, Miiwalw and Northern track, al>out one-half 
mile «Mith of Virginia. Analysis by George Steiger. 

Specimen 45689; from Donora mine, ne»r the cast Hide of tuv. 28, T. 59 N., K. 15 W. Analysis by 
George Steiger. 

In these four samples the amphibole is mainly dark brown or dark 
green, with inclined extinction, which might, from its microscopic char- 
acter, be common hornblende, cummingtonite, or griineritc, but it is in 
part also colorless or nearly colorless actinolite. The lack of alumina 
shows that it is not hornblende. In all there is a 8inall amount of iron 
oxide to be seen in the slide. In specimens 45(349 and 45689 siderite is 
abundant. In strong hydrochloric acid a considerable amount of the dark 
material was dissolved out, leaving a white residue in six'cimens 45028 
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and 45648, and a dark residue in gpecimeus 45649 and 45689. It seems 
probable that the dark amphibolous and the iron oxide are the substances 
which are mostly dissolved by the hydrochloric acid. The analyses give 
results which accord with the microscopic observations. The ferrous iron 
present, except that combined with the carbon dioxide to form siderite, 
may be supposed to be mainly combined with silica to form griiuerite, the 
magnesium and calcium oxides to be combined with the silica to form 
actinolite, or the ferrous iron and the magnesium and calcium oxides to be 
combined with silica to form cummingtonite. In three of the analyses 
magnesia is present in much higher percentage than calcium oxide." In the 
analyses of the greenalite rock on page 108 and of the amphiholitic slates 
on pages 141-145 the same fact may be noted. The principal amplnboles 
containing such a ratio of magnesium oxide to calcium oxide are antho- 
phvllite and cummingtonite, both of which are essentially silicates of 
magnesium and ferrous iron. The amphihole in the Mcsabi rocks does not 
have the optical properties of anthophyllite. but has properties ranging 
from those characteristic of actinolite to those characteristic of griinerite or 
cummingtonite. The high proportion of magnesium oxide to calcium 
oxide would indicate, therefore, that the dark-colored amphihole is at least 
in part cummingtonite. The above analyses show a lower percentage of 
combined water than obtains in the analyses of unaltered greenalite gran- 
ules discussed on preceding pages, and it is apparent that the development 
of the amplnboles has involved dehydration of the original greenalite. 

The direct development of dark amphihole from the greenalite may be 
well observed in specimen 15689, where the change from the greenalite 
apparently has been merely a matter of the fine reervstallization of the 
original substance. The change is scarcely noticeable in ordinary light, and 
under crossed nicols is shown only by the low double refraction. In the 
slide no actinolite is to be observed. The matrix is chert. The carbon 
dioxide is supposed to be combined with the lime, magnesia, and a part of the 
ferrous iron; the carbonate can be observed in the slide. The remainder 
of the ferrous iron, together with the small amount of magnesium oxide 

" In thin connection it i* of interest to nott' that an analysis of a jfruiu > rite-!iiav''"'tUe-H»'lii»t from 
tlu* Mar<|tu-tt<- <li*trid, viv< n hy Vun lltw, fliuww a simitar high proportion <<f iiiaiinivimn to calcium. 
<M,r>n. I". S. Geol. Survey Vol. XXVIII, |i. 33N, Analv-i- Xo. 3. | Alf*> an analyU of (frunerite by 
Ijuie ami Sharpie** *hown a hi>{h pcrcvntaiie of mairm-Miiin and a lack of calcium. ( Am. Jour. 
Sei., 3.1 wriet". Vol. XL1I, is«l, p. V»m The anal > >.i)«re*t thnt thcampliibole may l*uior<?olo*ely 
allie.l until .11111 minKtonite than irruiierite. 
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present, may be supposed to be combined with the soluble silica shown 
in the analysis to form the dark amphibole. The ferric iron and water are 
combined to form litnonite, which may be observed in the slide. This 
would leave 17.60 per cent of FeO, and 15.93 per cent of soluble Si0 3 . On 
the basis of 100 the proportions are FeO 52.5 per cent, SiO s 47.5 percent, 
which shows the green substance to be closely allied to griinerite. These 
figures show a proportion of ferrous iron and silica similar to that shown in 
the analyses of the unaltered green granules. They differ in showing less 
combined water. This similarity is in accord with the microscopic obser- 
vation that the amphibole has developed by simple recrystallization of 
the original green granules. 

MI.K ROUS, FERRUGINOUS. AND AMPHIBOLITIC SLATES. 

Under this head are grouped a variety of slatv rocks which are 
interstratified with the other phases of the iron formation. They include 
dense, black, dark -gray, green, or reddish rock* with a tendency toward 
conchoidal fracture, and the slaty parting poorly developed if at all; rocks 
showing banding of dark-green, black, gray, red, or brown layers parallel to 
the bedding, and a well-developed cleavage parallel to the same structure ; 
gradational varieties between these two, between them and the ferruginous 
cherts, and between them and the iron ores (PI. XVIII, figs. U and C). 
Any of them may be hard or soft, carbonaceous or noucarhonaceous, fine 
grained or medium grained. 

Under the microscojK? the slates are seen to contain principally cherty 
quartz, iron oxide, either hematite or magnetite, usually in octahedra, or 
some hydrated oxide, monoclone amphibole which may be griinerite, 
cummingtonite, or actinolite, and possibly even common hornblende, a small 
amount of carbonate of calcium or iron, a little zoisite, and possibly, also, 
a little chlorite. From the optical propertied, and from the analysis of the 
rock, it is thought that the amphibole is mainly griinerite and cummingtonite. 
There is much variation in the relative proportion of the principal 
constituents. Some of the slates consist almost entirely of fine chorty 
quartz with sul>ordinate quantities of dark amphibole in radial aggregates 
or in irregular masses and of the iron oxides. Others are composed 
mainly of iron oxide, showing but small quantities of the quartz and dark 
amphibole. Others are composed of a tangled mass of yellowish, brownish, 
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and greenish amphibole fibers containing minute particle* of iron oxide, 
silica, mill other stilxtrdinate constituents. The griinerite is far more 
abundant than the actinolite. The handing' frequently shown in a specimen 
is due to the segregation of the above-named elements into layers. While 
it may be convenient in description to refer to this or that slaty rock as a 
ferruginous slate, a siliceous slate, an amphibolitic slate, or an actinolite 
slate, depending upon the relative abundance of the constituents, usually 
all three constituents are present in one rock, and the rocks are really 
amphiboliric, siliceous, and ferruginous slates. Perhaps the most 
characteristic feature of the slates as a group is the abundance of the dark 
amphibole. 

Corresponding to the mineralogic variation in the slates there is 
considerable chemical variation, as shown by the following partial analyses 
of most of the phases of the slaty rocks. Dotted lines indicate that the 
substances have not been looked for, not their absence. 



Anahj*,* of «/7i7vv>rM, ainphUx>lltu\ and frrruginou* *1at,* ifithin t/u HiwMk 

formation. 





.. 


1 


s. 


« 


v 


1 7. 


NO 


37. 11 


44.22 

«..•»» 


- — — 





53. 8« 
V. 14 


35.12 37.01 
1. 72 2.1ft 




2.41 
17.51 






1 




22.20 


24.53 21».M) 

• 


15.SK> 


42. IK 41.00 


JVO 


an. is 

3.70 
. <;> 
.OH 


MiK) 




CaO 












Na/> 












K.O 














H,<>- 


.1*5 
2. 57 

.22 
fi.lfi 

.W 


















i 




Tin 














12.no 
.os 






. 14 




1"A 






.04 






.004 


.OHS 


. 038 . 022 







None. 
1.21 










MnO 










.11 


. 17 










c 


.73 












Vol 










1.30 


1. 15 






























Digitized by Google 



THE BIWABIK FORMATION. 



145 



Anal;/*,* ,.f"'l '< r «ni,, omphihtHC'. mat fi rritt/ii""'* */">'* ,rithin th, liimihlk 

f»ri»<iti»n— C'oiitinu.-d. 
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1. S|>n-imen 4.V4UH, from Mo** mine. AnalypU l>y tieo. Steijrer. 

2. S|x-«iiiiuti 4V«m, from IVmibw-ut mine. 27* feet Mi.w tacoiiite. Analysis l.y II. X. Stoke*. 

3. S|»-< 4.V.70, from m-o. 7.T..VS X., R. IK \V. An«l>-»i>< l>y K. II. (iretn, 

4. S|witnon 4o<l72 A. from I h mora mine. Analyyiw hy Ix-rch Hn«. 

5. Si>e<imeti 4,'KinO, from neiir »oiitluju»1 corner of XK. \ of SW \ w. 21, T. r >S X.,R. 20 \V 
Analysis* by H. X. Stoke*. 

0. Spwiincn 4iVVI.i, from cut «outh end < <f .Mountain Iron mine. AtuilvsLi by A. T. Gordon. 

7. From cut t««iitli end of Mountain Iron mine. Aniilyi* liy A. T, tiordon. 

S. Siwcimen 4ot>77, from Ailam.t ruine. Analysis l>y K. 15. (irtrii. 

H. Fpmii nortli of Little Mewihi exploration. Analysis liy lx>rrli Hros. 

10. S|HH iuicn 45072. from Donora mine. Analv-i* hy l<-rcli Hro«, 

11. S]«tiii»fii 4otl2.i, from nurtliea»t >>f Ituhl. Analvt-i- by 11. X. Slokc*. 
12 SjKi'inieii 4!iii"H, from »mtb i>f Spnicr mine. Analypui by K. T. Allen. 

13. S|«*-iiutm 112i Chen.. Seriett So. 240. XK. ) <if SK. i .if 17, T. iis. U. 11» W. Analvvix by A. I>. 
Slwls, for J. K. Sjmrr. (.Swt.ni.>!, Xnt, Ilirt. Survey Minnesota, Bull. X<>. 10, |., 10>. 

The essential features alw>ve shown art- tin- variation in metallic iron, 
tlif considerable content of ferrous iron as compared with the ferric iron, 
low alumina a* compared with true slate, hut high as compared with the 
other rocks of the iron formation, antl the greatly varying quantities of 
vox xuii \r.', V> 
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carbon dioxide and carbon, both of them, however, fairly abundant. The 
large proj>ortion of magnesium oxide and calcium oxide accords well 
with the microscopic determination of some of the dark amphibole as 
cummiugtouitc. 

In texture and in mineralogic and chemical composition the slaty 
rocks of the iron formation differ from true black roofing slates, such, for 
instance, as those from Vermont. The cleavage is not as good as in 
roofing slates, and what there is of it is parallel to the bedding and largely 
conditioned by the bedding, and not by the deformation of the rocks. 
Grunerite is abundant, while in, typical rooting slates micaceous and 
ehloritic constituents are important. Finally, the percentage of iron, and 
in some ease* the percentage of silica, is higher, and the percentage ot 
alumina is much lower than in typical slates. The slates in the iron forma- 
tion also differ from the overlying Virginia slates in a manner described in 
connection with the latter (see p. 176). 

Some of the typical occurrences of slate within the iron formation 
from which specimens have been collected are specified below: 

The pump shaft of the Penobscot mine in sec. 1, T. 57 N., R. 21 W., 
passes through 278 feet of ferruginous chert and bottoms in slate (speci- 
mens 45591 to 45593). 

Northeast of the center of sec. 27, T. 58 N\, K. 20 W., E. .1. Lougear 
drilled through 5(! feet of iron-formation material, mainly ferruginous chert, 
to slate (specimen 45<iO0). 

Test pit in the N E. \ of SE. J sec. 17. T. 5* N-, R. 19 \V. (specimen 
45o30). 

Drill hole in the XE. \ of X\V. { see. 20. T. 58 X., It. 19 W. (specimen 
45541). 

Test pit in XE. \ of S\V. \ sec. 10, T. 58 X., R. 19 W. (specimen 46G25). 

Test pit just southeast of northwest comer of sec. 8, T. 58 X., R. 18 W. 
(specimens 45639 and 45640 j. 

Test pit and drill hole in the XW. \ of XW. \ sec. 7. T. 58 X., R. 18 
W. (specimen 45670). 

Test pit south of Virginia, west of the Duluth, Missabe and Xorthem 
track in the SE. \ of SW. \ sec. x, T. 58 X., R. 17 W., near contact with 
the overlying Virginia slate (specimen 45652). 

Test pit just north of the old Xonnan open pit in the SE. \ of XW. 4, 
sec. 9, T. 58 X. t R. 17 \V. (specimens 40741 and 40742). 
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Test pits south of the Spruce mine in XW. \ of XE. \ m:. 6, 'I'. .">7 
X., R. 17 W. (specimen 45678). 

Drill hole in Fayal mine. Slate reached under 2(10 feet of ferruginous 
chert (specimen 45734). 

Test pit just south of the Elba mine near the north line of the XE. \ 
of XE. \ sec. 24. T. 58 X., R. 17 W. (specimen 40Xft3). 

Test pits and shafts of the old Chicago mine in the XE. \ of SE. \ 
sec. 4. T. 58 N., R. 16 W., near contact with overlying Virginia slate. 

Test }»it» in the Cincinnati mine in the S\V. \ of NE. \ sec. 2, T. 5s X., 
R. Hi W, and the SE. J of X\V. \ sec. 2, T. 5* X., R, HI \V., near contact 
with overlying slate (specimen 45039). 

Test pit and drill hole in SE. \ of XE. \ sec-. 2*, T. 69 X., R. 15 W., 
the little Mesahi exploration (specimen 45<i72). 

Test pits in the SE. J of SE. \ sec. 22. T. 59 X., K. 15 W. (specimen 
45175). 

Test j)it in SW. \ of S\V. \ sec. 26, T. 59 X., R. 15 W. (specimen 
45737). 

Test pit in SE. \ of XW. \ sec. 28, T. 5!) X., R. 15 W. (specimen 
45191 calcareous). 

Drill hole in the SE. \ of XE. \ sec. 19, T. 59 X ., R. 14 W. (speci- 
men 45003). 

Drill hole in the SW. \ of SW. \ sec. Hi. T. 59 X., R. 14 W. (speci- 
men 45006). 

Test pit in the XW. \ of SW. \ sec. 21, T. 59 X., R. 14 W. (sj>ecimen8 
45009 and 45010). 

Test pit* in SW. \ of SW. \ sec, 15, and XW. \ of XW. \ sec. 22, 
T. 59 X., R. 14 W. (specimens 45224 and 45228). 

Exposure (f) XE. \ of SE. \ sec. 21, T. 59 X., R. 14 W. (specimen 
45699). 

Exposure (f) east of the west quarter post of sec. 22, T. 59 X., R. 14 
W. (sj»ecimen 45700.) 

From near the east side of range 14 eastward through ranges 13 and 
12 the slates interbedded with iron formation are in great abundance, and, 
because of the good exposure of the rocks in this area, can be well observed. 
One may mention in particular the belt extending north and east of Mail- 
man camp (see map, Rl. VI), and the slate along the road in the XE. \ of 
sec. 1, T. 59 X , R. 14 W. 
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It ha* been maintained l»y certain of the mining engineers on the Mesabi 
mnge that the slates found within the area of the iron formation represent, 
in large part, patches of the Virginia slate, which, in these particular places, 
have been left a* islands during the erosion which removed most of the 
slate from the area. The area is heavily drift covered, and the slates are, 
for the most part, found in isolated explorations and show no relations to 
surrounding rocks. It is possible that the occurrence of some small part 
of the slate maybe explained in this way. but it is believed that practically 
all of it is interstratined with the iron formation, for the following reasons: 

(1) In a number of places exploration* have gone through tin- iron 
formation into the slate, and then into iron formation upiin. Also, in the 
east end of the district actual interhedding can l>e observed in exposures. 

(2) As the iron formation and Virginia slate are conformable and have 
the same dip, patches of the Virginia slate left on top of the iron fonnation, 
especially where well to the north, must necessarily have a considerably 
higher elevation than the surrounding rock surface. So far ;us can he ascer- 
tained under the thick covering of drift, the slates in the iron fonnation are 
not elevated above the surrounding rock surface. 

(3) Commonly, where exploration has gone far enough, the slate in 
the iron formation is found to come to the rock surface in a narrow hand, 
with strike parallel to the strike of the iron formation layers, and not in an 
irregular patch with outlines determined by erosion. 

(4) In mineralogic and chemical composition the slate layers within 
the iron fonnation are somewhat dim-rent from the Virginia slate. (See 
p. 17<;.) 

It is not improbable, indeed it is likely, that certain of the iuterstntti- 
fied slate layers in the iron formation have been mapped as Virginia slate: 
that is, where full data have been absent the Virginia slate boundary has 
been extended to the north to cover slate shown in some exploration which 
may really be a layer of slate interstratificd in the iron formation. If tins 
is true, future work will result in carrying the Virginia slate boundary 
farther south. 

As ore deposits have not been found to oecur under the solid 
Virginia slate, and as the slate layers in the iron formation have an influence 
on the concentration of the ore deposits later discussed, it is apparent that the 
discrimination of the various slates is a matter of importance to mining men. 
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I'AINT BOCK. 

Throughout the iron formation, and particularly adjacent to the ore 
deposits, are thin seams of paint rock, which have resulted from the altera- 
tion of the slates above described. The paint rocks are essentially soft 
red or yellow or white clay. They retain the original betiding of the rocks 
from which they were derived, the structure being marked by alternation 
of bands of different color. In situ the paint rocks are moist and soft. 
When taken out and dried they become harder, but retain u soft, greasy feel. 

The alteration of the paint rocks from slates is proved by the numer- 
ous intermediate phases to be observed. (See PI. XVIII.) At several mines 
also the paint recks associated with the ore deposits are in the same horizon 
us slates immediately adjacent. At the Penobscot mine paint rock forms a 
persistent horizon near the bottom of the mine, while the pump shaft sunk 
in the adjacent rock struck slate at the same horizon. At the Hiwabik 
mine there is a capping of paint rock over the ore, which, according to the 
superintendent, has been found by test pitting to grade southward into the 
true black slate mapped as Virginia slate. South of the exploration of 
the Medow Mining Company in the NW. \ of sec. 3, T. 58 X., R. 15 W., 
a considerable quantity of paint rock is encountered along the north mar- 
gin of the Virginia slate. Other instances might l>e cited, but the proof 
is so conclusive at these places that further evidence is hardly necessary. 
Chemically, the paint rocks have the characteristics shown in tho following 
partial analyses: 

AiuilyntH tifjftint rock. 
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20 Trare. 
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1. I^int roi k (s|p«-imen 40H«I > from Mahoning mine. Analyni* l.y Gt-orjce Steitrer. 

2. Paint rork lK]K.t'iiiR>n 45o(M> (mm Penol*x-ot mint-, hencath on-, Ana)y»i» liy 11. N. Mokef 
.'I. Paint rock from Fmnklin mine. AtmlyniH liy K. K. JoIhimoi). 

4. Paint roi-k from Wacoutah property near Mountain lnm. Analyau by Lereh Knm. 

5. Paint roek from Waeoutah prwjierty m-ur Mountain Iron. Anulywis l»y Lerch Itro*. 

6. I*alnl rock from Waeoutah pmjierty near Mountain Iron. Analy*i* l>y Ix-reli Itotm. 

7. Light portion of handed red an<l white faint roek ( specimen 4.VJ40I from Mountain Iron mine. 
Analypi* by A. T. tionlon. 

M. lhirk |Kirtion of hamh-<l nil ami white |«int rock (9|«-i iim-n 4.">t>4»i| from Mountain Iron mine. 
AtuilyoU by A. T. (ionlon. 

S1HKKITIC AM> CAl-CAKKOrs ROCKS. 

Associated with the slaty layers in the iron formation, and particularly 
with the greenalite rocks, are carbonates of iron and calcium in small 
quantity Most of the carbonate reacts readily with cold dilute hydro- 
chloric acid and is certainly limestone, which, from the analysis of rocks 
containing it, is doubtless magnesian. Some of the carbonate, how- 
ever, is certainly siderite, as shown by the analysis on page 141. The 
carbonates occur in minute clear-cut layers interbedded with the iron 
formation (see JM. XIII, lig. A), in veins cutting across the bedding, in 
irregular aggregates in iron formation layers, and in well-defined rhombo- 
hedral crystals in the same. In the carbonate bands are small quantities 
of iron oxide, ferrous silicate, and chert, and in the bands of these minerals 
are small quantities of the carbonate. In some cases the carbonates are 
coarsely crystalline and fresh and clearly have resulted from the replace- 
ment of the other constituteuts in the rock, particularly the ferrous silicate, 
or from infiltration along cracks and crevices. In other cases, especially 
where in distinct layers intcrbedded with unaltered ferrous silicate phases 
of the formation, the carbonate la vers seem certainly to be original. At 
the top of the iron formation and closely associated with the basal horizons 
of the Virginia slate are several feet of clear calcium carbonate, which is 
described in connection with the Virginia slate. 

North of Birch Lake is a siliceous and sideritic slate exposed in 
one pit. (See fig. 7, p. 184.) The carlnuiate is a peculiar grayish banded 
slate, which near the surface and adjacent to cracks is weathered to a 
rusty-brown color. The weathering penetrates several inches from the 
surface. Under the microscope the rock is seen to be largely made up 
of carbonate in bands and in isolated rhombs associated with magnetite 
and chert. The rusty weathering of the carbonate and the fact that it 
effervesces but slightly, if at all, with cold hydrochloric acid indicate it to 
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SLATE, FERRUGINOUS SLATE. AND PAINT KOCK IN IHON FORMATION AND CONTACT OF 
IRON-BEARING FORMATION' WITH IXTRl"81VE GRANITE. 

Km. .1. — Contact of Kiwabik formation and Kmbarnuw uraiute. Specimen 45138. From the 
NW. \ pee. 17, T. <W X., K. 12 W. Natural niie. The granite in in intnwive contact with tlx- iron 
formation. Note the purple i|Uurtz phenoeiy»t* in liolh. IVm-rilxil pp. IKti-IKS. 

Fir>. H. — Ilainlecl Hlate. Speehnen 4.VSP2. From Fenolisii it mine, feet t>elow ferrmzinoua chert. 
Xatnral rixe. Dwrikx) pp.14.J-H8. 

Fir;, f '.— RaiuU-.! fernurinoua slate. *iK.vimen +VW4. From Fenutwmt mine. 2»H fret Iwlow ferru- 
tfinoiw ehert. Natural hize. I)«ncril>e.l pp. 143-148. 

Fik. />.— Paint rook. Specimen 4-VW. From north wall of the Mahonimt mine. Natural «iw. 
The .lerivatii.ii of the paint rock from the alteration of »late i- evident. Many H|ieiiinens have lieen 
collected showing complete gradation between the two. Described pp. 14tM50. 
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be an iron carbonate or siderite. The siliceous phase ol* the slate is clearlv 
a replacement of the carbonate. Indeed in hand specimens it is almost 
identical in appearance It is a minutely banded gray and black ami 
brown rock with a poor parting parallel to the banding. Under the 
microscope it is seen to have a medium-grained, quartzose background, 
in which are oetahedra of magnetite. The concentration of the iron oxide 
and the quartz in alternate bands gives the minute banding observed in 
the hand specimen. 

An analysis of the rock (specimen 45161) by George Steiger is as 
follows: 

Analy*;* of kU'kvouh of iron f urination at itmUtrt of(j,Mn: 



SiO, 7S.»5 

A 1,0, None. 

FeXh 13. Sit 

FeO 1.23 

Mg<> IS 

CaO 81 

Nft,0 Nonr- 

K,0 None. 

H/»- 73 

H,U - 2.21 

TiO, Xotii-. 

CO, 1.50 

PA . 04 

SO, Sow. 

M11O 11 

Tola! W.74 



The rock analyzed is from the same mass as the carbonate, and before 
analysis whs supposed itself to be partly carbonate. 

The total absence of any traces of greenalite granules and the occur- 
rence of the carbonate in well-l>edded layers, evidently little altered, make 
it probable that the sideritic slate at Birch Lake is original. It is the 
nearest approach in nature and abundance to the original sideritic slates 
characteristic of the Peuokee-Gogebic range to be anywhere seen on the 
Mesa hi range. Eastward, in the neighborhood of Gunrlint Lake, structures 
characteristic of the alteration of siderite are to be olwerved Its occur- 
rence at the east end of the district, together with certain structures in the 
Gunflint Lake region to the east characteristic of altered sideritic rocks, is 
suggestive of a gradation toward the east to phases characteristic of the 
Penokee Gogebic iron formation. 
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COMiliOMKKATEN ANI> <Jl'AKTZITKS. 

At the base of the iron formation is a thin laver of fairly coarse 
fragmental material consisting in places of conglomerate alone and in 
other places of conglomerate and quartzite. At several localities the full 
succession from the iron formation above through the quartzite or 
conglomerate, or both, into the Pokegama quartzitc below may be studied. 
In the SW. } of SW. } of sec. 3. T. 58 X., R. 17 W. (see fig, 3, p. 8») are 
a considerable number of test pits which have either been bottomed in the 
quartzite l>elonging to the iron formation or have gone through this and 
have been bottomed in the Pokegama quartzite. At the Fayal and Adams 
mines green quartzite* are found beneath the ferruginous chert, and so 
closely resemble it that they were classed as "taconite" by the drillers. 
Drill holes on the XE. \ of the SE. \ of sec. 4, T. 58 X., K. 16 W.. put 
down by E. A. Sperry, penetrated the iron-formation conglomerate 
(45753), Pokegama quartzite, and Lower Huroniau rocks, in the order 
named. One of the northward drifts of the Cincinnati mine penetrates 
the quartzite at the base of the iron formation. A little southwest of the 
center of sec. 18, T. 50 X., K. 14 W., is a trench in which may lx- observed 
the actual contact of the iron formation and the Pokegama quartzite. 
Here only the conglomerate appears at the base of the iroh formation. 
In the S. J of SE. \ of sec. 2!), T. 60 X., R. 13 W., the same thing may he 
observed in natural exposure. Here also the conglomerate alone is present 
at the base of the iron formation. 

A drill hole put down by E. J. Longear in the SW. \ of SE. \ of sec. 
32, T. 59 X., R. 17 W. penetrated iron formation, quartzite, conglomerate, 
and Pokegama quartzite in the order given. (Specimens 10851 to 40855.) 

Thin films of conglomerate lie on the upper surface of the Pokegama 
quartzite a little north of the east quarter post of sec. 13, T. 58 X , 
R. 17 W.; just north of the Arcturus mine near the center of sec. 13, 
T. 56 X., R. 24 W.; at the falls of the Prairie River in range 25; and 
at Pokegama Falls in range 26. 

On the dumps of a number of the pits adjacent to the northern 
boundary of the iron formation are found conglomerate and quartzite with 
such relations to the iron formation and the Pokegama quartzite as to show 
them to be basal to the iron formation. Some of these pits are located as 
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follow: : The NW. 4, of SE. \ sec. 13. T. 58 X., It. 17 W. (specimens 46020 
and 46021); in the XE. \ of SW. 4, sec. 33, T. 58 X., R. 17 W. (specimen 
46026): in the SE. 4, of SE. } see. 5 ( T. 58 N., R. 1(1 W. (specimen 
46034): in the SW. 4, of SW. \ sec. 4, T. 5* X., R. 16 W. (specimens 
46031 and 46032). 

Finally numerous fragments of conglomerate, similar to the conglom- 
erates at the base of the iron formation, were found in tin- drift in such a 
position as to show the probability of their having been earned to their 
present resting place from the contact of the iron formation and the 
l'okegama ijuartzite. 

The quartzite is best exhibited in the pits in the SW. \ of SW. \ sec. 
3, T. 58 X., R. 17 W. (fig. 3, p. Kit), and a description of its diameter and 
occurrences here will suffice for the district. Several pits were cleaned 
out, and the succession carefully stuilied. In going down the first rock 
struck was a massive, somewhat vitreous, fine-grained quartzite. with 
green, brown, red, and yellow colors. The green quartzite is evidently 
the original form, and the red, brown, and yellow colors are due 
to iron staining or to bleaching. Microscopically, the green rock is 
observed to be composed of rounded and subangular grains of quartz and 
a subordinate amount of greenish-yellow granules of ferrous silicate like 
those in the ferruginous cherts above described. The matrix is composed 
of a dense greenish chloritic or ferrous silicate substance stained with iron 
ore. Tin- alteration of this cement to iron oxide or the leaching out of its 
ferrous silicate constituent has given the red, brown, and yellow quartzites. 

Reueath 10 or 12 feet of this kind of quartzite is a heavily ferruginous 
quartzite which is coarser, contains better rounded grains, a heavily 
ferruginous matrix, and is in places considerably softer. The well-rounded 
quartz grains stand out like eyes in the abundant, heavily ferruginous 
matrix. At certain of the pits the content of iron is so great that the 
rock looks like a soft ore, and indeed analysis shows it to come almost 
within the limit of merchantable ore. I'uder the microscope the quartz 
grains are seen to bo well rounded, usually to show pressure effects 
by undulatory extinction, and sometimes apparently to be themselves 
composite — that is, to consist of several grains as though derived from a 
preexisting quartzite. In addition to the quartz, there are fairly numerous 
greeualite granules with characteristic greenish-yellow colore and showing 
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considerable alteration to hematite, and small rounded prams composed 
of cherty quartz, .sometimes with radial forms perhaps representing tlie 
alteration of the greenalite granules. The matrix is yellowish or reddish 
brown and consists mainly of hematite with a slight intermixture of 
greenish-yellow chloride or ferrous silicate material. The heavily 
ferruginous quartzite is but a few feet thick. Partial analyses of both 
the green and heavily ferruginous varieties of quartzite are as follows: 



An>t/y*l* •>/ nuartzlU ■* at haw of Illirahlk formation. 
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1. Kerruyinoun quartzite at Uuv of iron formation (pptx-inu'n 454WH) from pits Nmthwect of «t. 3, 
T. 5S X.. R. 17 W. Aiwlyrf* t»y E. T. Allen. 

2. Green .|<u»rtzite at Uum of iron formation (*)*cim?n 45fi«A) from pit* «nithwe*t of r-c 3, 
T. 5» X.. R. 17 W. AmIvmU by E. T. Allen. 

X Green .piamiteiit low of iron formation ( specimen 4ortfilV) from pits in aouthwert of seo. 3, 
T. as X., R. 17 W. Analysis by K. T. Allen. 

4. Green quartzite near liase of iron formation (specimen 45U87) from drill hole ju*t eart of Kayal 
mine. Analysit by K. B. Green. 

AV»ove, the ferruginous quartzite becomes irregularly interbedded 
with gnarled and contorted phases of the ferruginous chert described on 
page 120. Hand specimens were collected showing several interlaminated 
layers of the normal siliceous ferruginous chert and the heavily ferruginous 
quartzite. The two kinds of rock have a knife-edge contact (PL XII, 
fig. B). The interbedded quartzite and chert are but a few feet thick. 
Immediately below appears conglomerate a foot to 18 inches in thickness, 
resting on the Pokegama quartzite. 

In the east end of the range is another phase of quartzitic material 
basal to the iron formation. This is essentially a heavily ferruginous chert 
characteristic of the iron formation, but containing numerous well-rounded 
quartz grains ( specimens 46070 and 45119). 

The basal conglomerate of the iron formatiou is usually in firm contact 
with the underlying massive Pokegama quartzite. and is frequently seen 
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adhering: to the surface of such a quartzite after the softer overlying iron 
formation has been worn away by erosion. It sometimes grades into the 
iron formation above through the quartzite above described, and sometimes 
grades directly into the iron formation, the intermediate quartzite being 
lacking. The fragments vary in size from that of sand grains to f» inches 
in diameter. The average size is perhaps an inch or less. The fragments 
consist of vein quartz, of quartzite like the Pokegama quartzite immediately 
subjacent, of a soft yellow limon|ric slate, easily eroded and frequently 
represented in part by cavities in the conglomerate, and of a jaspery phase 
of the ferruginous chert sometimes approaching iron ore. In abundance the 
fragments stand iu about the order named. Locally, however, the jasper 
fragments or the soft yellow slaty fiagments may be more abundant thnu 
the others. The matrix is almost entirely quartzite in various degrees 
of consolidation, although usually fairly hard. In some of the associated 
rocks in which the jaspery fragments are abundant the matrix is chert, 
containing altered greenalite granules; but such rocks are believed to be 
mainly breccias, belonging with the gnarled and contorted jaspery basal 
phases of the ferruginous chert (pp. 121-122). 

Hoth the nature and the relative abundance of the pebbles are peculiar 
in a conglomerate at this horizon. One would expect to find quartzite 
pebbles in greatest abundance, and is puzzled by the presence of the jas- 
pery chert and the yellow slaty fragments. Indeed, in the early part of 
the field work it was assumed that these conglomerates, containing, as they 
do, phases of material resembling phases of the iron formation, must neces- 
sarily have coine from above the iron formation, and it was not until they were 
actually observed in place at several localities that it could be believed that 
they represent the base of the iron formation. The scarcity of quartzite 
fragments is believed to be due to the breaking up of the sandstone, the 
unindurated equivalent of the Pokegama quartzite, into its constituent grains 
when attacked by the water which deposited the conglomerate. The uncon- 
formity between the conglomerate and the quartzite is so slight that it is cer- 
tain that the sand now represented by the Pokegama quartzite was only 
weakly cemented at. the time of the formation of the conglomerate, so that 
when attacked by the waters the rock was disintegrated into its constituent 
sand grains, and only rarely a large fragment remained It has been noted 
that the abundant matrix of the conglomerate is composed of well-rounded 
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quartz grains of remarkably uniform size. They an* identical in size ami 
character with the quartz grain* of the underlying Pokegama formation, 
ami were probably derived from the disintegration of the sandstone. 

The yellow limonitic slate pebbles, it is believed, were derived from 
the exceedingly thin-bedded or tine shaly phases of the underlying 1 Poke- 
gama quartzite, and owe their yellow ami soft diameter to partial replace- 
ment by iron from the immediately overlying iron formation. In the S\V. \ 
of S\V. \ sec. 3, T. 58 \"., H. 17 \\'.. these yellow fragments are abundant 
in the conglomerate, and in two of the pits close at hand it is found that 
the phase of the Pokegama quartzite immediately underlying is a fissile, 
almost shaly oue, and that some of it has been altered in place to such an 
extent as to resemble the fragments in the conglomerate. It is apparent 
that but a small amount of further alteration would be necessary in thiB 
case to give the pebbles the characters they are now observed to have in 
the conglomerate. 

In the Mesabi district, the jaspery fragments in the conglomerates do 
not have their counterparts in the underlying Pokegama formation, or in 
the Lower Iluronian or Archean rocks, but similar rocks are known in the 
Lower Iluronian and Archean rocks of other iron-bearing districts of Lake 
Superior, and may have been exposed in the past even iu the Mesabi 
district, having been removed by erosion or covered up by later formations. 
It is not impossible that the pebbles may have been carried along the shore 
for loug distances. The jaspers of the underlying formations in adjacent 
districts are much older than the conglomerate, and must have been almost 
as hard as at present at the time the conglomerate was formed. This being 
the case, they may have been transported for many miles along the shore 
without losing their integrity. 

While the explanation of the nature and relative abundance of the 
fragments in the conglomerates may be in doubt in some cases, the position 
and relations of the conglomerate to the underlying and overlying series 
are certainly known. Enough evidence is at hand to warrant the statement 
that the base of the iron formation is conglomeratic or quartzitic, or both, 
throughout the district and that these fragmental rocks vary in thickness 
from a few inches to l'» or more feet. Their structural significance is 
discussed in the section on relations of the Biwabik formation to other 
formations. 
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Conglomerates have not been found in middle or upper horizon* of 
the Biwabik formation, except at one place. In the south wall of the 
Mahoning' open cut a layer of conglomerate entirely altered to iron ore 
lies between layers of iron ore with normal texture. 

THE ALTERATION OF THE IRON FORMATION BY THE INTRUSION OF 
KE WEEN A WAN GRANITE AND GABBRO. 

Through ranges 12 and 13 the iron formation is intruded on the north 
by granite and on the south by the Dulnth gabbro (see map, PI. II, and 
description, pp. 182-188), and has undergone considerable metaiuorphisiu 
in consequence. This metamorphisiu has extended even farther west, for, 
while the gabbro docs not come into actual contact with the iron formation 
through range 14, it abuts against the overlying Virginia slate and has 
metamorphosed ljoth the slate and the iron formation iu this area." 

In general through the western and central portions of the Mesabi 
district the iron oxide of the iron formation is mainly hydrated hematite, 
and magnetite is in subordinate quantity. Eastward from Mesaba station 
the iron oxide is mainly magnetite, and hematite is in subordinate quantity. 
Westward from Mountain Iron the amphiboles are almost entirely lacking; 
from Mountain Iron eastward to Mesaba station the amphiboles are present 
in the iron formation, but are not abundant until Mesaba station is 
approached; eastward from Mesaba station they become abundant and 
make up an important constituent of the formation. In the eastern portion 
of the range the chert is correspondingly less abundant than in the western 
and central portions of the district, and iu some cases is almost entirely 
absent. The chert becomes also distinctly coarser in this area. In range 
12 the grains commonly reach a diameter of 3 or 4 millimeters, and there 
are a few smaller particles, while in the central and western portions of the 
district they are seldom greater than 0.10 millimeter, and almost invari- 
ably are associated with smaller particles (compare Pis. XV and XVII). 
Toward the east there is a tendency for the texture to become more 

"The inetuniurphimn of the Biwabik formation by the gabbro in tin* area adjacent to Birch 
Lake ami eastward in the vicinity of Akeley and tiunliint lake* ha* heeii dewrilied in eMail by 
U. 8. Grant an<l W. S. Bay ley, and ban Ihth briefly ooruiidered or mentioned by N. H. Wincbell, 
1J. V. Winehel), A. II. Elftman. J. E. Spurr, J. Moriran Clement.., C. R. Van Hi«e, and other*, as 
noted in the review of literature in Chapter II. 

The intniwon of the granite ajid its metamorphio effect on the iron formation here for the firxt 
time dewrilied. 
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even, although there are many wide variations from uniformity. The 
chert grains, instead of being in irregular, roundish, and scalloped cherty 
forms, as in the central and western portions of the district, are in roughly 
polvgonal shapes and united in a fairly uniform mosaic (I'l. XVII). Accom- 
panying these changes is a more pronounced segregation of the magnetite 
and the amphibolitic chert into irregular layers and lenses, with the result 
that the iron oxide layers, instead of containing various other minerals, are 
comparatively free from them. The characteristic granules of the ferrugi- 
nous cherts are still conspicuous in the east end of the district hut in the 
most highly metamorphosed phases of the rocks, as in range 12, they have 
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entirely disappeared, being obscured by magnetite, amphibole, and chert 
In the phases not showing the maximum alteration they are marked by 
magnetite, either as a rim about the granule, as a solid mass filling it, or 
in evenly disseminated particles through it. Not infrequently the granules 
may be observed only in ordinary light and then by distribution of the 
magnetitic particles; in parallel polarized light they are obscured by 
the polarization of the amphibolitic and cherty constituents. Finally, in the 
eastern portion of the district certain minerals have developed which have 
not been found in the less altered rocks of the central and western portions 
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of the Mesabi district. In the latter areas the amphiboles are entirely 
griinerite and actinolite. with little or no hornblende. In the eastern por- 
tion of the district the amphiboles include griinerite and actinolite, ami in 
addition green and brown hornblende in considerable quantity. Associated 
with these minerals are small quantities of biotite, glaucophane (45067), 
audalusite (45124), zoisite (4511!)), and gamet. Still farther to the east, in 
the neighborhood of Gunflint Lake, the continuation of the Biwabik forma- 
tion has suffered lnetamorphism by the gabbro, and, according to Grant," 
there has been an extensive development of hyi>ersthene, augite, and olivine, 
in addition to, and sometimes replacing, the minerals above mentioned. 




Via. 8.-IH W1I. of of EmWti. gruiiK- «n<l Blwmblk formation to the gorge in NW. J of NW. , of «c. 17, 

T. COS. It. U W. 



While hyperstheue, augite, and olivine are abundant and characteristic in 
the true gabbro of range 12 and westward, these minerals are nearly, if 
not quite, lacking in the Biwabik formation. 

Although eastward toward Gunflint Lake the gabbro alone has been 
able to produce even greater metamorphic effects on the iron-bearing rocks, 
it is certain that the metamorphism of the iron-bearing rocks in the region 
under description has been produced jointly by the gabbro and granite. 

"Sw Chapter 11. 
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At the contacts of the iron formation with each of these rocks, detailed 
evidence of their metamorphic effects may be observed. For the gahbro 
contact the general description of the metamorphism above given applies 
almost in toto, the only exception being the statements concerning the 
augite, biotite, and andalusite, which are not found near the gabbro contact 

The granites, before this work was taken up, had not been known to 
be intrusive in the iron formation, and hence a brief detailed description 
<>f its contact effects may be of interest. 

The contact effects of the granite may he well studied in the gorge in 
the XW. \ of N\V \ of sec. 17, T. 60 N'., It 12 \V., where on both sales 
ot the gorge are actual coutacts of the rocks. (See figs, f> and 6, and 
description of structural relations, pp. 187-1K8.) The iron formation is a very 
dark -gray and grayish-yellow ferruginous chert, highly siliceous, containing 
near its base a few undoubted well-rounded, fragmental quartz grains. The 
chert does not contain iron oxide in bands but in evenly disseminated 
particles and aggregates, in some layers in so small a quantity as to make 
the chert resemble a quaitzite in general aspect. The only structure resem- 
bling a banding is a rough parting or jointing into thick, nearly horizontal, 
layers. The massive character of the rock here distinguishes it from the 
well-banded phases away from the contact. 

At the top of the gorge, and down to within a few feet of the contact, 
the iron-formation rocks look siliceous and have disintegrated, brown, 
sugary surfaces where weathered. l*nder the microscope the quartz appears 
in medium-sized grains which have a tendency to be of uniform size 
for certain bands, although varying somewhat in different bands. The 
(piartz grains are of polygonal shape and are fitted together in a fairly 
uniform mosaic No trace of clastic structure is to be observed, unless 
aggregation into indefinite bands be taken as evidence of sedimentary ori- 
gin. Kvenlv disseminated through the quartzose background are particles 
and irregular aggregates of iron oxide, mainlv magnetite, of green and 
brown hornblende, of actinolite or griinerite, of zoisite, and of biotite. In 
abundance the minerals stand in about the order named. The actinolite 
and griinerite are in minute, isolated, columnar forms and in radial and 
sheaf-like aggregates. 
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Within a few feet of the contact the ferruginous chert shows n black, 
heavily ferruginous background, in which beautifully rounded quartz eyes 
are highly conspicuous because of their translucent character and their 
dark reflections. Under the microscope the grains appear well rounded 
and in some cases even show incipient enlargement. The matrix consists 
of greenish, transparent zoisite plates and dark, greenish-black aggregates 
of magnetite, zoisite, hornblende, griinerite, and actinolite (45119). The 
forms of the ellipsoidal granules are still to be observed in ordinary light 
by distribution of the iron oxide, t'nder crossed nicols the other minerals 
named completely obscure them. It is clear in connection with the altera- 
tions traced in the central part of the district that the rock was origiually 
composed of ferrous silicate granules and of fragmental quartz grains in 
about equal abundance, and that the alteration of the ferrous silicate has 
given the dense, dark-green and black background in which the quartz 
grains now stand so conspicuously. 

Immediately next to the contact with the granite, the quartz in the 
matrix of the ferruginous chert has been thoroughly recrystallizcd, consid- 
erably increased in size, and the round shape lost. The granite is rich in 
quartz which occurs as purple phenocrysts. Within a few inches of the 
contact almost identical quartz phenocrysts have l>een developed in the 
iron formation (see fig. l'l. XVIII), and in addition numerous irregular 
stringers and veins of quartz ramify through the iron formation. It looks 
as if there had been a minute injection of the quartz into the iron formation 
close to the contact through the agency of hot silica-bearing solutions 
accompanying the intrusion of the granite. Several specimens were 
collected, which consist of about one-half quartz in stringers and 
phenocrysts and about one-half iron-formation material. The contact of 
the iron formation and granite is ordinarily exceedingly sharp (see fig. A, PI. 
XVIII) though in places an irregular gradation zone from an eighth of an 
inch to an inch thick separates the two. In this zone may l>e also observed 
pink feldspars and purplish quartz characteristic of the granite, lying in a 
black, ferruginous chert matrix, which, toward the granite side, fades out 
ami toward the iron-formation side becomes more abundant until it excludes 
the feldspar of the granite. In this zone andalusite (45124) and biotite 
(45124), commonly associated, and glaucophane have been developed in 
small quantity, and the quantity of green hornblende, actinolite, and griinerite 
ha» been increased. 
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COMPARISON OF THE METAMORPHIC EFPECT8 OP THE ORANITE AND OABBRO. 

The contact effects produced l>y the granite differ from those produced 
by the gabbro in the following ways: 

(1) While there has been thorough recrystallization next to the granite 
contact, the size of the grains has not increased nearly so much as next to 
the gabbro contact. 

(2) Accompanying the recrvstallization next to the gubbro there has 
been a tendency toward the segregation of the magnetite into irregular 
masses and layers. It is possible to take out good- sized hand specimens of 
almost clear magnetite. Next to the granite contact it would be difficult 
to find magnetite well enough segregated to allow of this. 

(3) Next to the granite contact there have been developed andalusite, 
zoisite, biotite, and glaucophaue which are not characteristic of the gabbro 
contact in the area west of Birch Lake. On the other hand, green and 
brown hornblende are much less abundant than near the gabbro contact, 
and olivine and hypersthene, which in the Gunflint Lake area are charac- 
teristic of the gabbro contact (although not observed west of Birch Lake), 
are altogether lacking near the granite. 

(4) The intrusion of the granite has caused the introduction of a 
considerable amount of quartz in stringers and phenocrysts into the iron 
formation adjacent to the contact. The gabbro has contributed little or 
no material to the iron formation in the contacts observed iu the Mesabi 
district. To the east, near Akeley and Gunflint lakes, such transfer from 
the gabbro probably occurred." 

MAONBTIC ATTRACTION. 

The normal magnetic variation for northeastern Minnesota where there 
is no local disturbance is 7° east of north. Throughout the Biwabik 
formation the needle shows deflections from this direction. In limited areas 
the deflections of the needle are most capricious, yet by putting together 
observations taken throughout the range it becomes apparent that there is 
some regularity in the magnetic attraction. In the eastern |>ortion of the 
district a high and variable deflection can be counted upon, for here, as we 
have seen, there is much magnetite, due to the alteration of the Keweenawan 

"Jh* ilicrwwion <>( iwbbro contact by (.irunt, liny Ivy, ami <illion< -miniiBn/ol in Cliaptvr II. 
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intrusives, and tlie drift covering is thin. Variations of 40° nr 50° or even 
90° are common. Through the central and western portions of the district 
the magnetic needle, on an average, varies hut a few degrees from the 
normal, but so far as there is any variation it is greater in certain zones 
than in others. One of these is just within the iron formation near its 
contact with the I'okegama quartzite. It has a width varying from a few- 
steps to a few hundred steps. In this zone variations as high as 30 c to 
40° are common. From this zone tongues of high attraction project to 
the south. Also in the neighborhood of some of the ore deposits a slightly 
higher attraction has been noted near the contact of the ore with the wall 
rock than in the rock or in the ore. 

STRUCTURE. 

The most conspicuous structure in the Hiwabik formation is the 
bedding, which may 1h> observed in all phases of the formation. The 
bedding layers may be several feet thick or as thin as those of shales. The 
more massive and irregular layers and the poorest parting are shown by 
the ferruginous chert, particularly the ferruginous chert in lower horizons 
of the formation. The finer bedding, accompanied by a better parting, is 
shown by the iron ores, by the slaty rocks within the iron formation, and 
by some of the ferruginous cherts in middle and upper horizons. The 
iron formation is a sedimentary formation intorbedded with typical quartzite 
and slate, and the bedding as a whole is an original structure, but the 
formation has undergone such great metamorphism that the bedding has 
suffered many modifications. The iron formation originally consisted 
mainly of greenalite rocks with thin interbanded layers of slate. The 
alteration of the greenalite rocks to ferruginous chert has been accom- 
panied by the segregation of the iron and silica into irregular bands and 
lenses which servo to mark the position of the original bedding, but at the 
same time obliterate much of it and make the parting parallel to the 
bedding very poor. The alteration of the greenalite rocks to the ore 
deposits law not obliterated any of the original bedding, but on the contrary 
has made it even more conspicuous and has made the parting parallel to it 
an excellent one. 

The iron formation has been tilted gently away from the high laud 
of the Giants range adjacent at an angle varying from 5° to 20°, but 
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averaging perhaps h" <>r lo°, ami lias, in addition, been gently Hexed 
both parallel and transverse to llu- range. All (if these features are 
indicated by the variation in direction and degree of dip in different parts 
of the formation, and may he actually observed on a small scale in the 
open cuts of the mines. Accompanying the folding is fracturing and even 
brecciatioii. The formation is cut by numerous joints, which in the 
massive chert y portions are even anil continuous, but which in the fine 
bedded portions, and particularly in the ore deposits, arc extremely 
irregular and for the most part coterminous with the individual layers. 
In some places, as at the liiwahik mine, and at the Hale and Kanawha 
mines, there is evidence flint the faulting and breeciatiou of the iron 
formation has been greater near the contact of the iron formation with the 
underlying rocks than farther away from it. This is due to readjustment 
along the contact during the folding of the district. 

Water Hows easily through the formation parallel either to the 
bedding or to the joints. In the massive portions it probably is more 
nearly parallel to the joints than to the bedding, because of the poorer 
parting parallel to the latter. Hut in the more finely bedded portions the 
water could move in almost any direction. 

Most of these structural features the iron formation shares with the other 
members of the Upper Ilurouiau series, and are discussed more in detail in 
connection with the structure of the Upper Huronian series (pp. 178-180). 

THICKNESS. 

The thickness of the Hiwabik formation has been directly measured in 
but one place, in sec. 34, T. X.. H. 14 W., where Mr. E. J. Longvear 
drilled from the Virginia slate through the iron formation into greenstone 
below, and found the iron formation to have a thickness of 57fi feet. On 
the basis of average dips and width of exposure of the iron formation at 
any one place the thickness might be more than 2, (MM) feet or as little as 
200 feet. Such great variation is in part real and in part apparent. The 
iron formation grades laterally into the Virginia slate (see pp. 172-17(5) and 
the formation was deposited against an irregular shore line and an irregular 
bottom of the I*ower Huronian and Archean rocks, both causing variation 
in the real thickness of the formation. On the other hand the gentle 
foldings of the formation in two directions, coupled with the scarcity of dip 
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observations, make the selection of a fair average dip across the formation 
at any given place an exceedingly difficult matter, and some of the apparent 
variation in thickness is unquestionably due to failure to take into account 
the minor folding. The average thickness for the district is perhaps in the 
neighborhood of 1,000 feet. The eastward continuation of the iron forma- 
tion, near Guutiint Lake, has l>een estimated by Grant" to have a thickness 
of feet. 

RELATIONS TO OTHER FORMATIONS. 

The 1'okegiiniH quartzite underlies the Kiwabik formation for most of the 
district. The relations are those of a minor erosion interval. Structurallv 

• 

the two formations conform to each other: so far as can be ascertained, the 
dips of the l'okegama quartzite are identical with those of the overlying 
iron formation. The l'okegama quartzite had not been folded prior to the 
deposition of the iron formation, and, as members of the I'pper Huroiiiau 
series, both formations have been affected by the gentle I'pper Huronian 
folding. However, at a considerable number of places in the district, and, 
it is believed, throughout the district, a layer of conglomerate a few inches 
to several feet in thickness separates the iron formation from the l'okegama 
quartzite. The pebbles in this conglomerate are in small part of qunrtzitic 
rocks like those underlying and show some variety, and hence the con- 
glomerate must indicate the laps*? of some time interval prior to its 
deposition. Yet, taken in connection with the thinness of the conglom- 
erate, the characteristic scarcity of indurated quartzite fragments (see pp. 
157-loS), the comparatively small size of its fragments, and the corre- 
spondence in dip of the quartzite to the iron formation, it seems likely that 
the erosion interval represented by the conglomerate was not a great one. 

The conglomerate is closely associated with a breceiated phase of the 
ferruginous chert, and in some places it is hard to draw a line between 
the two. The breccia indicates that in addition to the normal erosion 
unconformity there has been a slight amount of readjustment along the 
plane of contact between the quartzite and the iron formation, which 
probably occurred during the tilting and folding of the Upper Huronian 
strata. The Pokegama quartzite and the iron formation ju-.bably acted 
essentially as units during the deformation. 

"tie.il. Xai. Hist. Sumy Miiim-wita. Final K. |«.rt. V..I. IV. IKim. ,.. 4NH 



Digitized by Google 



168 



THE MESABI IRON-IiEARIXd DISTRICT. 



For short intervals in the district the Pokegama quartzite has not 
been found between the Biwabik formation and the underlying rocks, and 
in such areas the iron formation rests unconformably on the Archeau and 
Lower Huroniau rocks. 

Through much of ranges 12 and 13 the Biwabik formation lies 
directly upon intrusive granite, probably of Keweenawan age. 

The Biwabik formation is overlain for the most of the district by 
the Virginia slate. In the eastern portion of the district evidence is not 
at hand to show the distribution of the Virginia slate, but presumably it 
is the rock immediately south and overlapping the iron formation until 
cut out by the overlapping of the Keweenawan gabbro. The Virginia 
slate and the Biwabik formation are perfectly conformable. The Biwabik 
formation throughout contains layers of slate which, near the upper 
horizons, become more numerous and finally form the Virginia slate. 
Moreover, the upper part of the iron formation grades laterally into 
slate, which has been mapped as the Virginia formation. The relations 
of the Virginia slate to the Biwabik formation are more fully discussed in 
connection with the Virginia slate. 

Through much of ranges 12 and 13 the iron formation is overlain 
directly by the gabbro, and on the north side of Birch Lake the north- 
easternmost tongue of the iron formation is bounded both east and west 
by the gabbro. 

SECTION III. VIRGINIA SLATE. 
DISTRIBUTION. 

The Virginia slate bounds the iron formation on the south from the 
west end of the district to near the east side of sees, o and 8, R. 13 \V., 
where the slate is overlapped by the gabbro. Still farther east in the SW. 
\ sec. 2n, T. 60 N., K. 13 W., drilling has shown altered slate to lie between 
Keweenawan gabbro on the south and Keweenawan diabase on the north, 
but whether it is an isolated mass at this point in the Keweenawan area, or 
is continuous with the slate to the west, explorations or exposures do not 
yet tell. The slate underlies the lower slopes of the Mesabi range and con- 
tinues south under the low lying swampy area south of the Mesabi range 
for an unknown distance. The area overlain by slate is so thickly covered 
with drift that exposures of the slate are almost entirely lacking; its pres- 
ence nnd distribution have been determined by drilling and test pitting 
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done in the search for iron. Through the central portion of the district 
enough of such work has been done to show the position of the slate bound- 
ary with a fair degree of accuracy, although even here there are consider- 
able stretches where records of the occurrence of slate are wanting. In the 
western and eastern portions of the district the distribution of the slate is 
largely hypothetical, particularly so in the western end of the district. In 
drawing the slate line on the map of this portion of the area, all that can be 
done is to connect the widely separated explorations which reveal slate. 
Wherever exploration has been detailed it is found that the slate boundary 
is not straight, but in gentle curves, and it is reasonable to expect, therefore, 
that future work will show numerous additional undulations in the slate 
boundary for the area at present not completely explored. 

KINDS OF ROCKS. 

SLATE. 

The normal Virginia slate is usually a gray rock, though in part black, 
reddish, or brown, with bedding shown by alternating bands of varying 
color and texture. Some of the beds are almost coarse enough to be called 
graywaekes. Indeed, in the field the rock has been called a banded slate 
and gray wacke. Some of the slate is hard and siliceous, while other phases, 
especially the nousiliceous and carbonaceous ones, are soft and can be whit- 
tled with a knife. Near the contact of the slate with the iron deposit in the 
underlying iron formation, as at Biwahik and in see. 3, T. 58 X., K. 15 W., 
the slate becomes iron stained and soft and grades into paint rock. The slate 
in general has a very poor parting parallel to bedding planes, and there is 
little or no development of secondary cleavage. What there is of secondary 
cleavage has been developed parallel to the bedding planes and is marked 
by minute particles of mica there found. While the rock in general aspect 
and mineralogic and chemical composition looks like slate, it differs from a 
true slate in lacking a true cleavage, and as this is one of the essential 
characteristics of slate, it may be doubtful whether the term slate ought 
to be applied to the rock. Yet the rock is not a shale, for it is too 
much metamorphosed and has too poor a paitiug parallel to the bedding. 
In the eastward continuation of the Mesa hi district, east of QunHint 
Lake, the same formation shows the characteristics of a true slate, and the 
formation both here and in the Mesabi district proper has been kuown 
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locallv and in yiMiloiyic literature as slate. Hence the term is here 
retained. 

Under the microscope the rock is seen to he a ehloritic slate containing 
mintite, more or less angular, pieces of miartz, and perhaps some of feldspar, 
associated with chlorite in confused aggregates. The chlorite makes up 
ahout half the rock. An occasional minute plate of mica is present with 
its greater diameter parallel to the bedding, possibly as a result of the 
incipient development of secondary cleavage. In general the "Tain, while 
exceedingly tine for some layers, is fairly coarse for a slate. The carbo- 
naceous slates differ from the ordinary type only in containing minute 
specks of carbon tendiug to obscure the other constituents. 

A partial analysis of the slate (specimen 4.'>735). from south of the 
"Meadow" explorations in sec. 3, T. 5* X.. R 15 \\\, by H. X. Stokes, ot 
the United States Geological Survey, is as follows: 

Anal ;/*>'* <•/ I "ny 'nt i<t *l>ti.. 

Sid, 4t>.01 

Al,(>, . ... 8.04 

K.y «, 2-v " 

►V IS. 04 

Mifii ;>.kj 

<«<> 13 

IV > '»• 

CO N.MH- 

The following analysis by Mr. George Steiger. of the United States 
Geological Survey, is of a composite sample of the Virginia slate made up 
by assembling several specimens from two localities (specimen 457(17 from 
excavation for water tank of Eastern Railway of Minnesota at Virginia; 
specimen 45463 from south of the Hiwabik mine): 

SiO. . L'H 

AI.O, Hi. MM 

K.-..H, I.7tt 

K.-l) 4. .V. 

Mpo 2.M 

Cat I 42 

Xa.O 2. 2» 

K,U 3.U2 

11,0 0.70 

11/ » 3.SS 

Tilt, W 

CO None. 

!'," 2i » 

Oouum imiMtTiiiiiiwl 

W..VJ 
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LIMESTONE. 

Ill the lower horizons of the Virginia slate, as well as in the upper 
horizons of the iron fonnation. is a considerable amount of limestone, 
interbedded with both slate ami the iron formation. The rook effervesces 
readily with cold dilute hydrochloric acid, and hence probably doe* not 
contain much magnesia. The layers vary in thickness from several feet to 
a fraction of an inch. Near the horizon of the rapid transition of the slate 
into the iron formation there is a fairly persistent layer of the limestone 
several feet thick, although at many places it is lacking at this horizon. 
This may be well studied in the excavation at the water tank of the Kastem 
Railway of Minnesota at Virginia. The limestones are gray rocks', not to 
be discriminated by their color or texture from some of the coarser phases 
of the banded slates. Indeed, in some cases it was not until a test had been 
made with hydrochloric acid that the presence of carbonate was suspected. 
(Specimen 4*>464.) Under the microscope the calcite is observed in irreg- 
ular grains ami aggregates making up the bulk of the rock. Associated 
with the calcite are small quantities of quartz and chlorite in particles of 
aliout the same shape and size as those seen in the slate above described. 

CORniERITE-HORNSTONE REM I.TIMi EROM THE ALTERATION OF THE MROIMA SIjVTE 

BY THE liAHBKO. 

In approaching the gahhro, which overlaps the Virginia slate in ranges 
14 and 13, the slate becomes more crystalline, harder, and characteristically 
breaks with a conehoidal fracture, and the color becomes darker and 
frequently is a bluish black. The rock, indeed, becomes a homstone. 
Moreover, there appear minute, light-colored specks which on the weathered 
surface are likely to have disappeared and to be represented by pits. 
L'nder the microscope the white specks are found to be cordierite in typical 
development, standing as numerous phenocrysts in a fine-grained matrix of 
biotite, feldspar, magnetite, and certain doubtful microliter which may be 
actinolite or sillimanite, or Iwth." (Figs. It and C of IN XIX.) The 
cordierite crystals appear in short, columnar forms or with hexagonal 
outlines, depending upon their position with reference to the plane of the 
slide. Their average diameter is between 0.10 and 0.20 millimeter, and 

"Conlicrile in tlii* forniati.ui wai- tir>t ii< n-.l iin.l dewriU'.t l>v N. H. Wim-holl, <..*.!. Nat. Hist 
Survey Minncm.tn. final R.-j.t.. Vol. V. {<.*»>. 



Digitized by Google 



172 



THE MESABI IROX-BrJAKIXU DISTRICT. 



their length varies from 0.40 to O.H0 millimeter. The single anil double 
refractions are low and strikingly similar to those of quartz. Their dis- 
tinguishing feature is the twinning, which in basal or hexagonal sections 
causes the crystals to lighten and darken in alternating sextants in revolv- 
ing under crossed nicols. The cordierite crystals are more or less obscured 
by minute blades of biotite, and |>erhaps other micas, and by numerous 
columnar inicrolite* of some greenish-white mineral, without pleochroism 
and with high single and low double refraction, whose character because of 
their small size is doubtful. They may be sillimanite, one of the character- 
istic associates of cordierite. Both macrnscopically and microscopically the 
metamorphosed slate is cordierite-hormtone, as this term is used by petrog- 
raphers such as Rosenbusch, Zirkel, and Harker. 

A partial analysis of the cordierite homstone (specimen 45699), from 
near the southeast corner of the NE. \ of SE. \ sec. 21, T. 59 X., R. 14 W., 
by H. X. Stokes, of the United States Geological Survey, is as follows: 

Analy*i* of -/<»/W/>/^. 

«0, 70.48 

Al t O, 12.46 

Fe/>, 4.94 

MjfO 2.04 

CuO 71 

»V»* 11 

CO, None. 

From the Crystal Falls district, south of Lake Superior, Clements" has 
described and figured a spilosite which shows a most remarkable similarity 
to the cordierite- hornstone here described The porphyritic crystals and 
the background have the samo general aspect, but when examined closely 
the phenocryats in the rock described by Clements are found to be albite 
instead of cordierite. 

RELATIONS OP THE VIRGINIA SLATE TO THE BIWABIK FORMATION. 

Reference has already been made to the fact that the relations of the 
Virginia slate to the underlying Biwabik formation are those of gradation, 
both lateral and vertical. It remains to discuss this gradation somewhat 
fully. The iron formation contains slate layers throughout. In upper 
and middle horizons they are perhaps more numerous than in lower hori- 

"The OvBtal Falls iron-lwnrinK ilirtrict of Mii hijmn, hv J. Morgan Clemente: Mon. I". H. Guol. 
Survey Vol. XXXVI. im>, 206-207, Pl.XXXVI. 



Digitized by Google 



PLATE XIX 



173 



Digitized by Google 



PLATE XTX. 



IMIOTOMirKOliRAI'llH SHOWIMi >l KTA MORPI I I8.M OF VIRGINIA 8LATK INTO rORDIEKITE- 
HOKN-STONE IN AI'l-KOACIIINtJ DL'LL'TH OillEAT) OABBRC). 

Fto. A.— Slat*-, ripecimen 4>J»«, slide 157:«I. From water tank of KaMorn Railway of Minnesota, 
Virginia. With analyzer, x TO. This U the nonnal tine-trrained Virginia slate, consintinR of quartz 
and feld»i*r, chlorite, inuwovite. hintite, and inn> oxide, all of tin? eourtittient* arranged with their 
longer diameter* roughly jwrallel, though the chlorite and iron oxide ore arranged to a lew extent 
than the other "•on.rtitneiita. [>e.*rilied, 100-170. 

Fio. It. — Same, without analyzer. 

Flo. C — t'ordierite-honirtone. Sjieeimeli 4S23S, wlide I.WSt. From near eart quarter port of 
«v, '.'7. T. SI* V, H. 14 W. Without analyzer, x 70. Tlii.t rock result* from the alteration of the 
normal Virginia -late l>y the contact of the t'tiluth gahhro. The light round and oval upot* are 
i-.irdierite. which in ordinary light can scarcely lie dirtinguiidicd from quartz or fcM*|wr. The matrix 
ic the tine-grained one normal to the slate. l*e»crilje<l, pp. 171-17'.'. 



Fio. //.—The Nime, with analyzer, x 70. The eordieritc cry.-tals may I* dtrtingui»hed by the 
trilling faintly i.hown on the round tonal actions. A* in ordinary light the cordierite resembles 
alliite uikI quartz. In general a*l<eet thecordicrite-honiNtonc here dc«. ril ied correspond* alniort exactly 
to the ppiloeite of the Cryrtal FalU district dc.-criln-d by Clement* and to the feldspathic graywacke of 
the I'eixikee-i iogehie dirtriet, dewrilwd by Van Hi--. Ii> »«>th of the*- caw. however, the pheiux -ryrtu 
are all'ile instead of cordierite Iv-. ril^l. pp. 171-171'. 
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zons. Just below the solid, black Virginia slate there is a zone in which 
there are many interlaminations of iron formation an<l slate, the layers 
varying in thickness from several feet to a fraction of an inch. This none 
is of varving and uncertain thickness. In manv places at least the zone of 
minute interbanding is thin, not more than lo or 20 feet, but, as already 
noted, layers of slate are found well down in the iron formation, and layers 
of iron formation are found well up in the slate, so that in a broad way the 
gradation zone may be several hundred feet. 

An examination of the map will show the Virginia slate to encroach 
on the south margin of the iron formation to great lv varying distances, 
with a result that the surface outcrop of the iron formation ranges in width 
from 2 or more miles to less than a quarter of a mile. 

This might be explained by steeper dips at the narrow places than at 
the wide places in the iron formation, erosion having thus uncovered less 
of the iron formation where the dips were steep. This is probably a par- 
tial explanation of the narrowness of the iron formation belt in the neigh- 
borhood of Biwabik. The dips are on an average somewhat greater at 
Biwabik than at Mountain Iron, for instance. However, the difference in 
•lip is not sufficient to account for the extreme narrowness of the formation 
near Biwabik, nor in the area as a whole is there uniform variation of the 
dip sufficient to account for variation in width of the formation. 

The distribution might l>e explained by the greater dip of the plane 
of surface erosion, either atmospheric or glacial, in places where the forma- 
tion is wide than where narrow, the greater dip of the surface bringing it 
more nearly parallel with the dip of the iron formation and thus uncovering 
more of it. While this may help to explain the distribution, the dip of the 
the plane of erosion tloes not show the requisite variation in inclination to 
fully account for the observed distribution. 

Finally the distribution may be explained by the lateral gradation of 
the iron formation into the Virginia slate. This is believed to be the 
principal cause of the present distribution. In the Biwabik area, where the 
slates encroach on the southern boundary of the iron formation, the lack of 
sufficient steepness in dip of strata or flatness of plane of erosion leaves 
the lateral gradation of the iron formation into slate as the only alternative 
explanation of the distribution at this point. Moreover, in following the 
iron formation eastward trom the Biwabik mine through the Cincinnati 
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property the iron formation and slate are actually found interbedded 
directly along the strike of the iron formation. At numerous points in 
the district, as already noted, the iron formation becomes interetratified with 
slate toward its upper portion. This being the case it would be strange 
indeed if the conditions favorable to the deposition of slate had been 
reached at exactly the same timo all over the rauge. Indeed, it would be 
more reasonable to suppose that while at some places the iron formation 
alone was being deposited, at other places iron formation and slaty layers 
were being alternately deposited, and at still other places slate alone was 
being deposited, thus giving a lateral gradation from iron formation into 
slate. 

COMPARISON OF SLATE OF VIRGINIA AND BIWABIK FORMATIONS. 

It is difficult to discriminate the Virginia slate from slate layers in the 
iron formation on lithologic, chemical, or textural grounds, for each of 
these slates has a variety of pliases and some of them are common to both. 
But while in an individual case it may not be possible satisfactorily to dis- 
criminate between the two, in general, the differences are believed to be 
somewhat as follows: 

(1) The Virginia slate has a predominance of grayish tones, while the 
slates inter-stratified with the iron formation have red, brown, or black tones. 

(2) The slate in the iron formation is probably more frequently broken 
into small parallelopi|>ed blocks, or is more likely so to part, than the 
Virginia slate. Insufficient observations have been made to warrant posi- 
tive statements, but iu this opinion the writer is in agreement with some of 
the leading mining engineers on the range. 

(3) The slates in the iron formation contain abundant griinerite, while 
the Virginia slate contains almost none of it. 

(4) The slate in the iron formation contains on an average a lower 
percentage of alumina, a higher percentage of iron, and in some cases a 
higher percentage of silica than the Virginia slate. 

In the mapping, where pits or drill holes have shown slate of consid- 
erable thickness with few or no iron-formation layers in it, it has been 
mapped as Virginia slate. Where the slate is mixed with the iron-forma- 
tion layers in considerable quantity, or the iron-formation material has 
been found to the south of it, the slate has been included in the irou forma- 
tion. (See j). US.) 
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STRUCTURE. 

Opportunities for studying the structure of the Virginia slate in situ are 
SO few that if the observer were dependent upon such observations alone he 
would be tillable to make any statements concerning the structure of the 
formation beyond the fact that it dips at low angles away from the high 
land adjacent. However, the slate is a conformable part of the Upper 
Huronian series, the other members of which show clear evidence of 
folding and fracturing. The Virginia slate must have partaken in this 
deformation. The statements applied to the structure of the Upper 
Huronian series on pp. 178-180 will therefore apply to the Virginia slate, 
but with one modification. Drill holes going through slate into iron 
formation sometimes reach water under pressure, indicating that the water 
has been ponded in the iron formation under the slate. This indicates the 
relatively pervious character of the iron formation, and it seems likely 
that in the gentle folding of the Upper Huronian series the brittle iron 
formation was more broken than the soft slate and thus affords freer 
passage to water than the slate. 

THICKNESS. 

The thickness of the Virginia slate can not be determined in the Mesabi 
district. The drift covering is thick, mining exploration stops to the south 
where the slates are encountered, and the southerly extent of the slate belt 
is thus unknown. To the south of the range, however, there is a low, 
swampy area, west of the gabbro, extending southward for about 35 miles at 
its widest, which is presumably underlain by slate. If the slate occupies all 
of this area, it must have a vast thickness. In the neighborhood of Gunflint 
Lake and eastward the equivalents of the Virginia slate and their upward 
extension have been estimated by Grant' to have a thickness of 2,60(1 feet. 
This does not represent the total thickness of the formation, but simply the 
part not covered by the gabbro. In the I'enokee-Gogebic district the 
I'pper Huronian slate lying above the iron formation has a present maximum 
thickness of 13,000 feet.' Tims the Virginia slate, which has an inconsid- 
erable thickness in the district covered by the general map of the Mcsahi 
range, is continuous with a formation extending to the south which probably 
has a great thickness. 

"Gcol. Nnl. Hist. Purvey Miimetota, Final Kept., Vol. IV. \> 4."ri 
6M.ni. f. S. Geol. Survey Vol. XIX. |. 
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SECTION IV. STRUCTURE OF THE UPPER HURONIAN SERIES. 

As a whole the Upper Huronian is a well-bedded series of sediments. 
The bedding is most pronounced in the middle and upper horizons. The 
beds have gentle dips, averaging between 5° and 20°, though locally 
greater or less, in southerly and southeasterly directions away from the 
older rocks forming the core of the Giants range, but locally the dips 
show much variation both in degree and direction. About the southerly 
projecting tongue of the Giants range, in the vicinity of Virginia, Eveleth, 
and McKinlev, the dips are westerly on the west side of the tongue, 
southerly at the end of the tongue, and southeasterly on the southeast side; 
that is, throughout approximately normal to its periphery. Even more 
conspicuous than the change of dip at such a place are the minor variations 
between exposures. Seldom is it possible to get two identical reading* in 
dip at exposures of rock separated by even short intervals, although the 
direction and amount of the dip come within the above limits. These facts 
indicate that the beds of the Upper Huronian series are tilted away from 
the core of the Giants range in directions normal to its trend, and that the 
gently tilted l>eds are not plane surfaces, but are gently flexed. By 
tabulating and comparing the dips it becomes further apparent that the 
greater flexures are not random ones, but generally have their axes normal 
to the trend of the range. Examining the attitudes of the beds still more 
in detail, it appears that the great flexures themselves are not simple, but 
have many subordinate flexures, some of them transverse to the major ones. 
The complexity of the structure may be likened to that of water waves. 
On the great swells and troughs there are smaller waves, on the smaller 
waves there are still smaller oues, and so on down to the tiniest disturbance 
of the surface. While perhaps the majority of the minor flexures in the 
Upper Huronian rocks have attitudes similar to the larger ones, many of 
them vary greatly in direction. They may be observed fit almost any 
single exposure of the Upper Huronian series. 

Wiile the great flexures are very gentle, involving very small changes 
in degree and direction of dip, the minor flexures superimposed upon the 
greater ones are frequently sharp and conspicuous. The local dips may 
vary as much as 50° within a few hundred feet and change their direction 
considerably. Dips as high as 45° or even 60° may be seen in the iron- 
formation layers in some of the open pits of the mines, as at the Stevenson. 
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the Sauntry-Alpena, the Kanawha, and the Sparta. A series of dips taken 
at intervals through the Mountain Iron, Oliver, and Biwabik open cuts are 
tabulated in connection with the description of the ore deposits (pp. 
225-226). The iron formation shows mure minor contortion than the rest 
of the series, because of the {Treat chemical changes which it has undergone, 
but it is not probable that there is any great difference in the major folding. 

Accompanying the tilting and minor folding of the Upper Huronian 
series there has been a very considerable amount of fracturing, esj>ecially in 
the comparatively brittle Pokegama and Biwabik formations. Indeed, it 
seems likely that the folds of the two lower members of the Upper Ilurouian 
series are mainly the result of relatively small displacement along fractures, 
and only to a small degree the result of the actual bending of the strata with- 
out breaking. The ponding of water beneath the Virginia slate would seem 
to indicate that this formation has been less fractured than the iron formation 
because of its less brittle character, and had thus yielded to deformation by 
actual bending rather than by breaking. On .'ilmost every exposure of 
Pokegama and Biwabik formation rocks joints and minute faults are to be 
observed cutting almost perpendicularly across the bedding. In each case 
the joints seem to make up two or more systems crossing each other at various 
angles, but such sets have little constancy of direction in widely separated 
exposures, unless we except a set of joints which at a number of places 
have an average direction of somewhere between N. fiO° and 70° E.— that 
is, approximately parallel to the trend of the range. In the massive rocks 
the joints are clear cut and continuous for considerable distances. In the 
well-bedded rocks, as, for instance, in the thin-bedded portions of the iron 
formation, the joints are usually more irregular, less continuous, and less 
conspicuous. In such places each individual bed may be more or less 
jointed without reference to the layers above or l>elow. 

The displacement or faulting along joints has been, in general, small. 
The displacement is rarely 3 or 4 feet, and commonly it is measured by a 
few inches. In the neighborhood of some of the iron deposits of the 
Biwabik formation certain facts doubtfully indicate a greater displacement, 
but this is discussed in connection with the ore deposits. 

Certain of the joints and faults have been tilled with vein quartz and 
others not. It is rather surprising that so little vein quartz is to be observed. 
Where present in the harder rocks, where the joints are clear cut and 
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continuous, the quartz veins appear likewise. In the well-bedded portions 
of the iron-bearing formation, where the joints are irregular and discon- 
tinuous, the distribution of the vein quartz is also irregular and 
discontinuous, being rather in a confused zone than a well-defined plane. 

After the Upper Huronian series were tilted and folded, the upper 
edges of the series were eroded away, with the result that the rock surface 
is now irregular, with dips corresponding roughly in direction, but not in 
degree, with those of the underlying rock strata, being, in general, less 
steep. 

8KCTION V. T1IHKXK.NS OF T1IK IPPF.lt II r HON I AN HKltlES. 

From what has been said concerning the thickness of the constituent 
members of the Upper Huronian series, it is apparent that accurate 
statements of the thickness of the Upper Huronian series as a whole are 
not possible. The I'okegama quartzite varies in thickness from 0 to 500 
feet and averages perhaps 200 feet. The Biwabik iron formation ranges 
in thickness from 2<>0 to 2,000 feet and averages perhaps 1,000 feet. The 
Virginia slate extends indefinitely southward beyond the limits of the area 
under investigation. Within the area studied an actual thickness of nearly 
400 feet has been observed. Assembling these figures, it appears that the 
maximum figure for the thickness of the Upper Huronian series within the 
limits of the distinct mapped may be 3,000 feet, while the average may be 
1,J)00 feet. But the total thickness of the Virginia formation, including 
it.s southward extension, is probably several times as great as the thick- 
ness of the two lower members of the scries combined, for the thickness 
of the formation in this area may lx- commensurate with its thickness in 
the Penokee-Gogebic area, as the extent of the Hat area south of the 
range would seem to indicate. 

SKtTION- VI. KKLdiTIOXS OF THF. FPPF.K IU HOMAN NKHIF.S TO 

OTIIKIt SKKIKS. 

The Upper Huronian series lies unconformably upon the Archean and 
Lower Huronian rocks. The proof of unconformity is as follows: 

(1) The conglomerates at the base of the series (listed under the 
discussion of the I'okegama quartzitc) contain fragments derived from the 
underlying rock*. 
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(2) There is discordance in dip. The underlying formations, where 
they have any parallel structure at all, are almost vertical. The Upper 
Huronian is well liedded, with a low dip. Moreover, in approaching the 
contact im change of dip is to he observed, either in the Upper Huronian 
or in the underlying rocks. 

(3) There is a difference in the amount of minor folding, fracturing, 
secondary cleavage, and further consequent metamorphism of the two series, 
the Upper Huronian being much less affected than the older series. 

(4) The Upper Huronian belt overlies Archean and Lower Huronian 
rocks indiscriminately- Near Hiwabik, for instance, the northern edge of 
the Upper Huronian scrie* lies diagonally across the contact of the Archean 
and Lower Huronian roeks. 

(">) The Lower Huronian is intruded by the granite making up much 
of the core of the Giants range. The Upper Huronian series is not so 
intruded, and, moreover, in the couglomerate at its base it bears fragments 
of this granite. 

The Upper Huronian series, in ranges 12 and 13, is in eruptive contact 
with the Keweeuawan granite and gabbro, as fully shown in the section 
devoted to the Keweeuawan. 
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KEWEENAW AN, CRETAOEl H'S, AN1> PLEISTOCENE ROCKS. 

KKCTIOX I. THK KEWKKXAWAN HOC KS. 
DULUTH OABBRO. 

A portion of the grunt mass of Kcwwiiawan gabbro of northern 
Minnesota comes within the limits of the Mesabi district. Tlie northern 
edge of the mass lies diagonally across the eastern end of the district, 
extending fiimi near the Duluth and Iron Range track, in range 14, 
northeasterly through ranges 13 and 12 to Rirch Lake. Through range 
14 the gubbro is in contact with Virginia slate: in ranges 13 and 12 it is 
in contact with the Riwabik iron formation, and north of Birch Lake it is in 
contact with Lower Huronian granite. The northern edge of the gahbro 
forms a conspicuous northward-facing escarpment overlooking the low- 
lying area of the Virginia slate and of iron formation immediately to the 
north. To this the name Mesabi range was first applied. In the neigh- 
borhood of Hireh Lake the gabbro comes well up on the crest of the Giants 
range, ami here it does not stand above the adjacent rocks. 

The gabbro exposures show a parting into massive bands usually 10 
to 20 feet thick, but sometimes ranging down to a few inches. As certain 
layers have somewhat different textures from those above and below, it is 
certain that the structure is at least in part one induced in the gabbro when 
it first cooled, but also a considerable amount of the parting may be a 
secondary phenomenon. The banding of the gabbro in the Mesabi district 
may be well observed near Allen Junction, where it dips to the northeast 
at an angle of about 40 : . In addition to the parting into bands the gabbro 
is cut by vertical joints. < >ecasionally a combination of the joints and 
banding structures causes the rock to weather into spheroidal blocks, which 
at first glance look surprisingly like conglomeratic bowlders. This feature 
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also may be observed in the gabbro about three-quarters of a mile north of 
Alleu Junction. 

Thw petrography of the gabbro of northeastern MinneHota has been 
exhaustively described by lmn(r." Bayley.'' Winchcll,' Grant,'' Klftman,' 
Clements/ and others, and the j>art which comes within the Mesa hi district 
shows no features not covered in these descriptions. In characterizing the 
gabbro in the Mcsabi district one can not do better than to quote a brief 
summary of the potrographic character of the gabbro us a whole by Dr. 
U. S. Grant: 

The gabbro is a coarse-grained aggregate of plagioclase. which is near Inbrado- 
rite; augitc. which is often diallagic; olivine und magnetite, with occasionally 
hypersthene, biotite. hornblende, und minor accessory mineral*. In general, the 
mass is of fairly uniform composition. Variation-, however, take place mainly in 
three directions: First, by increase of felds]>ar the rock becomes an nnorthosite: 
second, by increase of feldspar and olivine a forellenstein is formed; third, by increase 
of magnetite masses of titanifcrou* magnetic iron ore originate. Along its northern 
limit the gabbro, while at times assuming a liner grain, usually preserves its coarse 
grain and granular texture to its contact with the underlying nick*. 7 

The gabbro mass has been generally regarded as an extrusion forming 

the base of the Keweenawan, but recent work on the relations of the gabbro 

to adjacent formations, especially near (riiufiiut and Akeley lakes, has led 

Van Hise. Clements, Grant, and the writer to the belief that the gahlro is 

a laccolith- intrusion. 

CONTACT HIASKS OK oAURKO. 

On the north side of Birch Lake the gabbro, where in contact with the 
iron formation, shows a segregation of coarse magnetite octahedra in layers. 
Moreover, at this point biotite ami the orthorhombic pyroxenes, particularly 
enstatite and hypersthene, become more abundant, while the monoclinic 
pyroxenes are correspondingly less abundant. These features are common 
to the gabbro contact in other parts of northern Minnesota. 

"Mini. I'. S. (miiI. Survey Vol. V, lsvl. 

*Jour. G«i>l., Vol. I, 1W)3. pp. 4:t:i-l"s!. r»H7-.5M$, «iSK-71(t; Vol. II. 1WO. pp. SU-sW; Vol. III. 
18»5, pp. 1-20. 

' Kr|»irts<>f (itfil. Nat. Hi.-t. Surwy Minut-wita. lnt«it niiirliitioii in Final hVpt.. \'<i)i-. IViuhI V. 
■'Kni{in«>n« YeairlKMik, fniv. .if Minn.. 1S1W, pp. 4!m;l'. Hull, li.cl. S«-. Am.. Vol. XI. lmxi. 
pp. 503-510; aleo iu Kcporteof Minn. Surv. i ««• Ctmpti-r II I. 

' Am. (u-ol., V..I. XXI. IKSIS, pp. »K>-t«-rH. IT.VIss. n.iitniii.- full hililiovn.pl.> ; Vol. XXII. IKlis. 

pp. m-iw. 

/Mini. f. S. li.i.1. Surv.y V.,1. Xl.V. 

fCoiitmt mi'tainorphifiii of n basic inmims rock, ljv I". S. Unnil: Hull, (i.-ul. Soc. Am., V..I, XI. 
IWK>, pp. MM-MS. 
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North of Birch Lake also (see fig. 7) is a curious contact rock 
between the gabbro and Lower Huronian granite. Between the course 
gabbro and the normal coarse granite is a narrow zone, perhaps 150 feet 
wide, occupied bv a tine-grained micaceous rock, varying from brown to 
pink in color, which looks in places like a fine-grained gabbro and in others 
like a fine-grained granite. In the rield it was not determined whether the 
rock was an altered gabbro, an altered granite, or an intermixture of the 
two, and microscopic- study does not help us out much. The rock is 
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com]H»sed mainly of feldspar, largely oithocla.se, although so obscureil by 
cloudv alteration as to make accurate determination difficult, biotite, and 
quartz. The texture is granitic. These are features characteristic of 
granite, and, whatever the rock once was, it should probably now be called 
a granite. However, it is still possible that the rock represent* a fine- 
grained contact phaae of the gabbro for the reasons that (1) the character 
of the feldspar is doubtful. (2) biotite is one of the characteristic minerals 
developed in the gabbro near its contact, (3) in the area eastward toward 
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Gunflint Lake free quartz has been found in the gabbro itself, and (4) in 
this eastern urea also the exomorphic effects of the gabbro contact on the 
granite are very slight. 

DIABA&E. 

There are in the Mesabi district certain rocks associated with gabbro 
which are not covered in the above general account. In range 13 expo- 
sures of fine-grained diabase appear iu the SW. \ sec. 25, T. 60 X., R. 13 
W., and in the central and northern portions of sec. 35, T. 60 N., K. 13 W. 
Rowlders of the same material indicate its extension for several miles east 
and west, and, taken together with the exposures, indicate a belt with a 
possible width of something less than a mile, a length of at least 3 miles, 
and probably much more, and a trend northeast and southwest — that is, 
parallel to the general strike of the formation boundaries in this part of the 
district. The diabase is a fine-grained dark-gray rock which, under the 
microsco|x>, shows a well-developed ophitic arrangement of plagioclase 
feldspar crystals and the presence of abundant hornblende and less abun- 
dant ilmenite and magnetite. The diabase corresponds lithologically to the 
diabase sills intruded in the iron formation in the neighborhood of Gunflint 
Lake, and there supposed to lie either offshoots of the gabbro or intrusives 
both in the gabbro and adjacent rocks. The trend of recent opinion is 
toward the former conclusion. In the SW. \ sec. 25, T. 60 N., R. 13 \V., 
south of the diabase, drill holes have recently jK»netrated altered slate 
(cordierite-hornstoue). The relations of the slate to the surrounding rocks 
are unknown because of lack of exposures and exploration. If the slate is 
continuous with that to the west, which laid not heretofore been known to 
extend farther east than sections 5 and 8 of the same range, the diabase 
must be a sill intruded in the Upper Huronian series. If the slate is not 
continuous with the main belt of slate to the west it must be an isolated 
mass in the Keweeiiawan rocks, and the diabase would belong with the 
main mass of the Keweenawau. From the analogy of its lithologic 
character with that of the diabase sills to the east, from its distribution, and 
from the occurrence of slate to the south, it is thought that the diabase is 
probably a sill, but lack of exposures and sufficient exploration make it 
quite impossible at present to show its boundaries on the map. The area 
to the south of the diabase, including that in which the slate has been found, 
is therefore mapped as Keweenawau. 
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A little southeast of the northwest cnnicr of sec, 34, T. 51) N., R. 14 W., 
Mr. K. J. Lougyear found diabase in a drill hole at the depth of 984 feet, 
having passed through hi feet of drift, 392 feet of blade slate, and 57G feet 
of iron formation. Three hundred and nine feet of diabase were penetrated 
before the work was stopped. The iron formation is bounded on the north 
bv Lower Huronian gravwackes and slates, u|m»ii the eroded edges of which 
lies the iron formation, with perhaps a thin layer of I'okegama qiiartzitc 
between. The fact that the diabase, rather than the Pokegama quartette or 
Lower Huronian graywacke and slate, was reached by the drill below the 
iron formation would be in accord with the supposition that the diabase 
formed a sill intruded into the iron formation at this place. 

EMBARRASS GRANITE. 

Through raises 12 and 13, and as far west as sec. 2 in range 14, a 
distance of If) miles, the granite forming the core of the Giants range is intru- 
sive into the Upper Huronian series. Whether it was intruded at the close 
of the Upper Huronian epoch or during the succeeding Keweenawan is a 
matter of doubt, and indeed is a matter of small consequence. The fact 
that granite dikes cut the Keweenawan series in other parts of northern 
Minnesota makes it a plausible assumption that the granite was intruded in 
Keweenawan time, but no relations of the granite to the Keweenawan have 
been observed in the Mesabi district. The granite is named the Embarrass 
granite from its lithologic similarity to granite e.\|>osed at Embarrass station 
on the Duluth and Iron Range Railroad, just north of the Mesabi range. 

The Kmbarrass granite is a pink hornblende-granite. It is usually 
of coarse grain, but shows much variation. In general the grain becomes 
finer toward the west. The characteristic feature of the granite is its large 
content of quartz in small and large grains, which are very conspicuous, 
especially on the weathered surface. The quartzes range in diameter from 
over a centimeter to a few millimeters. When large thev have a char- 
acteristic purplish-blue color. In its content of quartz the Embarrass 
granite is readily distinguished from the Lower Huronian granite in the 
central and western parts of the range, in which the quartz is exceedingly 
rare or entirely lacking. Other constitutents are pink orthoclase feldspar, 
which sometimes occurs as prophyritic crystals almost an inch long, and a 
rather small amount of hornblende. The relative aluiudaucc and coarseness 
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of all the constituents of the granite of course show the usual variations of 
a large granitic mass. 

Under the microseoi>e the feUlapar is observed to be orthoclase, rarely 
microcliue. Usually it is fresh, but where weathered shows cloudy alter- 
ations to kaolin and inica. Zonal growths of the feldspar grains are 
conspicuous features. The hornblende is of the common green variety. 
The quartz for the most part is clear and limpid, but shows undulatory 
extinction and minute inclusions in irregular aggregates and in lines. In 
addition to the essential constituents there is present a considerable 
quantity of sphene, and some black oxide, which from its common associa- 
tion with sphene is taken to be ilmenite rather than magnetite. An 
occasional crystal of andalusite, and perhaps also tourmaline and garnet, 
are to be observed (specimens 45075 and 45139). 

Cutting the granite are a few dikes of finer-grained, lighter-colored 
quartzoae granite, which under the microscope is found to differ from the 
one just described only in lacking hornblende and the rare elements 
mentioned. 

PROOF OK IXTRI'SIOX OK EMBARRASS ORAXITE INTO THE UPPER IIIROXIAX SERIES. 

Through the central and western ]>ortions of the Mesabi district there 
is abundant evidence that the Giants Range granite is older than the 
Upper Huronian rocks, and it has always been assumed that this conclusion 
applied to the eastern ]>ortion of the range as well. The first conclusive 
proof that the granite of the eastern portion of the range is intrusive into 
the Upper Huronian series, instead of older than it, was found in a gorge 
in tli«- N\V. \ of N'W. \ sec. 17, T. CO N., R. 12 W., where the contact 
iMJtween the granite and the iron formation is well exposed. Figs. C and 7 
show the relations of the two formations. The proof of intrusive relations 
at this js»int may be briefly summarized as follows: 

(1) There are knife-edge contacts or occasionally a gradation zone a 
fraction of an inch in thickness, as shown by fig. A of 1M. XVIII. 

(2) At these contacts there is no trace whatever of any conglomeratic 
material derived from the granite. 

(3) The lower part of the iron formation is penetrated by grauite 
dikes, and irregular layers of iron formation are found partly sliced off by 
the granite (sec fig. 6). At one place a mass of the granite cuts across 
the stratification of the iron formation for a distance of . r ) feet vertically, and 
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tho upward continuation of the granite at this point appears ns a dike in 
the upper surface of the iron formation. The stratification of the iron 
formation lias suffered a little disturbance, for it dips north rather than 
south in this immediate vicinity. 

(4) The iron formation in contact with the granite lias undergone 
considerable metamorphism, as described on pages 161-103. 

(f>) At the contact there has been in places an abundant separation 
of quartz along the periphery of the intrusive granite or between the 
lavers of the iron formation. 

The intrusion of the granite is shown by the relations observed in 
the gorge above described and by drill records to have been mainly 
parallel to the stratification of the iron formation, which lies with a very 
gentle dip to the south, but in a minor way tho granite has broken across 
the stratification. The granite is coarsely crystalline, and must have cooled 
far below the surface, when the iron formation was deeply buried. 

After tho intrusive relations of the granite and Upper 1 1 uronian had been 
worked out in the gorge above described and the peculiar quartzose character 
of the granite noted, the granite of the Giants range both east and west was 
reexamined to see how much of it is of this character and how much older 
granite. The newer granite was found to continue eastward as far as Birch 
Lake and westward to sec. 2, T. f>9 N., R. 14 W., where it stops abruptly. 
From here westward the granite is of the normal Lower II uronian type. 

At Birch Lake the Embarrass granite and Lower H uronian granite 
are well exposed along the shores, and their relations may be satisfac- 
torily studied. The older granite occupies much of the north shore and 
extends widely northward to White Iron Lake and beyond. It is identical 
in character with the Giants Range granite through the central and 
western portion of the Mesabi district, though if auything it is a little 
coarser. Cutting this granite are younger quartzose granites of at least 
two periods of intrusion, one of them, the finer grained, being often in north 
and south trending dikes in the other. The coarser quartzose granite is 
perhaps the counterpart of the main mass of Embarrass granite above 
described, and the finer and lighter quartzose granite corresponds to tho 
dikes in the Embarrass granite; but whether or not this correspondence 
holds, the quartzose granite in general is clearly a part of the Embar- 
rass granite to the southwest, and is intrusive into the older or Lower 
1 1 uronian granite, as would l>e expected. 
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HHTIOX II. CKETACKOVS ROCKS. 

Ill a number of places in the central and western portions of the 
Mesabi district there are small, thin, isolated patches of Upper Cretaceous 
sediments resting uncomformably upon the Upper Huronian formations. 
By referring to the map such areas may be noted near Virginia. Mountain 
Iron, Buhl, in sec*. 13 and 24, T. 56 X., R. 24 W., and in see, 31, T. 57 X., 
R. 22 W. Certain deposits of blue clay in various parts of the range, well 
shown on the high hill in sees. 22 and 23. T. 55 X., R. 26 W., may also be 
of Cretaceous age. At the Oliver mine a small patch of conglomerate may 
be found resting on the ore. The Cretaceous rocks must have much wider 
distribution than this, but thus far exploration has not shown them. How- 
ever, while the) probably occupy a much larger area than is indicated on 
the map, they do not, by any means, cover all of the area, as is shown bv 
the numerous explorations passing directly from drift into the Upper 
Huronian formations. From the distribution of the few remnants now 
known it is certain that Cretaceous rocks once overlaid all of the district 
west of range Hi, that they may have extended further to the cast, and that 
erosion has largely removed them from the area they did occupy. 

The rocks consist of conglomerate and shale. The conglomerate, in 
the occurrences known, overlies iron formation and sometimes iron ore. 
As would be expected, therefore, the fragments of the conglomerate ore 
derived from the iron formation. They consist mainly of heavy ferruginous 
chert and iron ore, both hematite and lhnonite. Kxcept locally, and 
especially when the pebbles are of hard material, they are not well 
rounded. There are present in the conglomerate also fossils which are 
described below The fragments are but loosely cemented. When broken 
out of the ledge the rock is fairly compact, but on being exposed to weath- 
ering it soon disintegrates. The cement is largely ferruginous, but there 
is present also a considerable amount of" white or yellow substance which 
Mr. A. T. Gordon, chemist of the Mountain Iron mine, found to consist of 
silica and alumina, and it is thus essentially a clay. Occasionally there 
may be observed also minute greenish-yellow particles in the cement 
which may be glauconite grains, so common to the Cretaceous. 

The shales are soft, thin-bedded rocks of a bluish-gray color when fresh, 
but frequently of a light color due to bleaching. These, too. contain fossils. 
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FOSSILS. 

Selected specimens, of the slink' and conglomerate containing fossils were 
submitted to Mr. T. W. Stanton, paleontologist of the U. S. Geological 
Survey, for examination, lie pronounced them to be "unquestionably 
Upper Cretaceous forms — not older than the Fort Benton, and probably 
not younger than the Fort Pierre" horizon. Mr. Stanton's report is as 
follows: 

The specimen* have four different lot numbers, three of which Mr. Leith informs 
me refer to one locality. "Arcturus mine, in sec. ->4, T. 50 N., R. 24 \\\, Me.su hi iron 
range. Minnesota." These are nil fossiliferous. Tlie specimens mimlH>rcd 45i»lo are 
similar lithologically. hut show no recognizable fossils, and will not be again 
referred to. 

The forms recognized in each lot are us follows: 

No. 4557H. Murtiii sp. A small form closely resembling .V. fjnuili* Meek 
and Harden, but probably distinct sjiccies. /«/»rm/»i«."i>. An immature specimen 
that may be young of /. fragM* Hull and Meek. 

No. 4557K. .Vtu tru sp. Same a.s ubove. Lmtatin sp. A single small cast. 

No. 45738. fMrtn sp. One or possibly two small sj»ecicsof oysters not specific- 
ally identifiable with any descrilied form from the western interior, /ikwhuu* 
sp. A fragmentary small specimen like the one in No. 45573. itactm sp. Same form 
as in the other lots. CuttUmii sp. Fragmentary imprint of the surface of a costate 
shell probably l>elonging to this genus. 

These fossils are unquestionably marine I'pper Cretaceous forms, but the exact 
horizon represented by the bed yielding them has not been determined with certainty. 
The IiuH-rritiitu* may he tho young of /. fmijili*. which is a Fort Benton species, 
while the other forms belong to types that may occur in any of the Cretaceous 
horizons above the Dakota. On the battis of the present evidence I can only say that 
the horizon is not older than the Fort Benton and probably not younger than the 
Fort Pierre. 

In 1893 Mr. H. V. Winchell, of the Minnesota survey, submitted fos- 
sils from the same horizon to Dr. C. A. White, of the National Museum. 
Dr. White referred them to the Colorado formation of the Upper Cretace- 
ous. His report is as follows : " 

I have examined the small collection of fossils which you obtained from the 
Mesahi range in northern Minnesota, and. although they are all in an imperfect con- 
dition. I do not hesitate to refer them to tho Upper Cretaceous. The following 
genera are represented by tho collection: (Mr,,i, [nor, rat/tun. Modlohi, Pinna, 
Ytilfiiul. Trif/oiuirai, Ac/twmi, Trcchu*l, and Fti*c!iil<trla. A part of the species 
represented by the specimens constituting this collection are evidently new. Some 
described species are thus represented, and others are probably referable to described 
species, but they are too imperfect to admit of satisfactory determination. 

"Am. Gcol., V.,1. XII. 1W3. pp. 230-?.1». 
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The Yol'litt '. referred to is much like the V. >i<u-n»lo>mt<i of Meek and Hayden, 
reported to have come from the DHkota group of Kansas. The nnmi* can not 
be distinguished from tho /. frwjii:* of Hall ami Meek. This is a characteristic .spe- 
cies of the Colorado formation. For this reason, and because that formation is known 
to lie represented at other localities in Minnesota. I think there is little, if any, 
reason to doubt tlmt the deposit from which you obtained these fossils represents a 
portion of the Colorado formation as it is developed in the great interior jwrt of the 
continent. 

This discovery of a Cretaceous deposit at a point so far to the northeast in Min- 
nesota is a mutter of much geological interest, and, together with other similar 
discoveries in that State, leaves no room for doubt that the Cretaceous sea covered a 
large part, if not all, of its present area. 

Later Mr. II. V. Winehell submitted other fossil* from northern Minne- 
sota, on which Dr. White reported as follows: 

In addition to the //««•< in whm, Mi»i><J«. and one or two others that were sent in 
the first lot from the same, locality, there are several other forms, each represented 
by a single specimen, as follows: 

1. /y</ ( i /itifi tn* iSjihent»}i*--<i*\ sp. undet. (Collected by Samuel Sanford.) 
Part of the inner whorls of a form related to /'. (Sphenitdi«<-uii) Initieuhtri' Owen, 
from which it differs in having a broader umbilicus ami more simple septa. 

i. I'htAiulimtyn * * • Resembles «nkr?),trir<u<« M. and H., though 
neither the type nor Mr. Winchell's specimen is well enough preserved to make 
the comparison satisfactory. 

3. Btirffitin * » * An imperfect cast. 

•». A reptilian tooth. 

In addition to the fossils above noted, the Cretaceous on the Mesabi 
has been found to contain small shreds of ligiiitic material. The presence 
of this material well up on the Mesabi range suggests the possibility of 
finding lignite deposits of commercial value in the low area to the west, 
mirth, or south of the Mesabi range. 

SKCTIOX III. PLKI8TOCKXK OH GLACIAL DEPOSITS. 

The Mesabi district is covered by a mantle of glacial drift, of the late 
' Wisconsin epoch, which effectually conceals the greater part of the Archean, 
tluroninn, Keweenawan, and Cretaceous rocks above described. On lower 
slopes the drift is thick, sometimes reaching 150 to 200 feet, and here of 
course rock exposures are rare; on middle slopes the thickness commonly 
does not exceed f>0 or 60 feet, and 20 to 50 would measure much of it; on 
the upper slopes of the range the drift is thin or altogether lacking and rock 
exposures correspondingly abundant. In the eastern portion of the district 
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also, where the Giants Range granite lias a higher elevation than to the 
west, the drift is thin anil allows numerous nick masses to project through; 
toward the west, a.s the elevation of the Giants range decreases, the drift 
becomes thicker, until westward from Grand Rapids it buries even the crest 
of the Giants range to a depth of more than 10(1 feet. 

Most of the drift in the Mesahi distinct may he classified as till. It 
consists of bowlders and clay, and in small part of gravel and sand, mingled 
indiscriminately. The bowlders are nearly all derived from the Archean 
and Huronian rocks, either immediately subjacent or from the Giants range 
to the north, although there is also a sparse sprinkling of bowlders derived 
from rocks far to the north of the Mesabi range. The most numerous 
bowlders are granite from the Giants range, but southwaid from the crest 
of the range these become mingled with the various rocks of the Archean 
ami Huronian formations. Considering the number and character of the 
bowlders from the rock formations of the Mesabi district, together witii the 
lack of drift along the crest, it is apparent that higher parts of the district 
have la-en much cut down by the invasion of the ice. 

The till of the Mesabi district makes up in general a confuse* 1 morainal 
area, marking one or more pauses in the retreat of the ice toward ihe 
north or northeast. Potholes, small lakes, and swamps are characteristic 
features. From the west end of the district to the neighborhood of Hib- 
bing the till tonus a pant of what rphaim" 1ms eadled the Itasca, or Tenth, 
moraine (the tenth one back from the most southerly moraine left by the 
ice). The morainal till from Ilibbing to the Embarrass River ivpresenis 
the merging of the Itasca moraine and the Mesabi, or Kleventh, moraine. 
Eastward from Embarrass River to Birch Lake the till belongs to the Mesabi 
moraine. 

While parts of two great terminal moniines aire thus represented in the 
Mesabi district, these bv no meatus occttpv sill the district in characteristic 
form There are considerable areas in which the drift shows no terminal 
moratinail topography and perhaps would be classified ats ground moraine, 
but in view of it* thickness and association in short distances with terminal 
morainal features the general statement maty be maide that the till of the 
Mesabi district, as at whole, is terminal morainal. 

1 An muil KfjMirt (m'oI. Xat. Hist. Survey Mimu*v>ta. MM. pp. 4!>. ."><>. Srp «l<«> 
A. II Klftmaii, Am. <it-.l , Vol. XXI. lS-'W, pp. W-10M. 
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In addition to the till or unstratified drift, there is present a consider- 
able amount of stratified drift — that is, drift modified by water resulting 
from the melting of the ice — including sand and coarse kaine gravels. 

Probably associated in origin with the stratified glacial deposits are to 
be mentioned several peculiar gorges at high elevations which cut directly 
across the crest of the Giants range. The range is crossed by several 
marked depressions; the Prairie, Embarrass, and Dunka rivers occupy 
some of the lower and major ones. But in addition there are a number of 
small, steep-walled gorges at high elevations which either contain no 
streams or contain streams very small a* compared with the size of the 
valley, Thov vary in length, depth, and width. The depressions are at 
present of U shape, although this may be due to glacial or stream filling 
in the bottoms. By reference to the general map of the district, a well- 
marked gorge may be observed in sees. 30 and 31, T. f>9 X., R. 18 W., with 
walls standing 100 feet above the level of the present bottom. A depres- 
sion across the range may be observed in sec. 7, T. 58 X., R. 16 W. The 
Duluth ami Iron Range Railway follows auother in sees. 8 and 17. T. 59 N.. 
R. 14 W. Another may be observed in sections 9 and 16 of the same 
town and range. Finally, in sec. 17, T. 60 K, R. 12 AW, is a small, 
well-marked gorge with walls standing 40 feet above the present bottom, 
and exhibiting well-marked terraces (see fig. 5, p. 160) and potholes. The 
elevation of the bottom of this gorge is over 4<K) feet above the level 
of the bottoms of some of the deeper depressions crossing the range. It 
is apparent that depressions of such widely varying elevations must 
have been developed under different conditions. Some of the lower 
and deeper ones, for instance that occupied by the Embarrass Lakes, are 
doubtless mainly pre-Olacial in origin. The higher ones, it is believed, 
were due essentially to glacial streams. When the melting of the great 
ice sheet caused its southern margin to recede to the north of the Giants 
range there was a ponding of water between the front of the ice sheet and 
the Giants range, and when the level of the water was high enough it is 
likely that the water discharged through the lower points in the Giants 
range. The ridge wa-s already deeply notched by pre-Glucial streams, but 
as the ice withdrew it left them irregularly filled with glacial material, so 
that the escaping waters* were compelled to make new channels at the 
lowest point* of escape. Even at the present time a thickness of 1X4 feet of 
MOX xuu-'tf W 
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drift has been found in the Kmbarrass Valley. When thus filled the steep- 
walled gorges at high elevations in the Giants range were carved. At the 
same time the water was wearing away the drift harriers in the old stream 
channels. As soon as any considerable V4iltime of water was diverted into 
these channels the gorges in the rock at the crest of the range were 
abandoned, for the erosion of the soft drift was much easier than that of the 
hard rock in which the upper gorges were being carved. The disinterment 
of the old drainage channels by erosion of the drift has continued to the 
present time. It is apparent that the abandonment of the rock gorges did 
not occur simultaneously throughout the range, for some, due to initial 
depression or to the structure and character of the rock, were cut deeper 
than others and would be abandoned later. As the water fell in the great 
glacial lake north of Mesahi the irregularities of the bottom may have 
caused the water to lie divided into several lakes, among them Lakes 
Norwood and Ihinka." 

On many of the rock surfaces of the Mesabi district glacial stria; mark 
the course of the ice across the area. The strife show minor diversity in 
direction, but in general they range from S. 1<>° W. to 8. 30° \V. At Poke- 
gama Falls and Prairie River Falls there is greater variation, at the former 
place the direction being S. . r >0 W. and at the latter a little east of south. 

The glacial stria', together with the diameter and distribution of the 
fragments in the drifl derived from the cutting down of the Giants range, 
show that the movement of the ice was essentially from northeast to south- 
west, as noted by Fpham. Todd '' has maintained that the ice advanced 
into northeastern Minnesota in two lobes, one through Lake Sujnmor and 
the other from the north and northeast down the Red River, and on this 
hypothesis the moraiuat material on the Mesabi may in part represent 
interlobate deposits. While the northwestern edge of a Lake Superior lobe 
may have come nearly or quite up to the Mesabi range, the movement 
across the range itself was unquestionably from the northeast. 

"X. H. Wini-lifll. Bull. (.eol. S,.*-. Am , V.,1. XII. 1WIO. v . 1J.V 
>'Aui. Vol. .Will, INHrt, l'L'5. *». 



Digitized by Google 



CHAI'TKR VII. 



RESUME of geologic development and 

CORRELATION. 

SECTION* I.— RESUME OF GEOLOGIC DEVELOPMENT. 

During the building of oiir continent there have been many general 
elevations and subsidences of vast areas with reference to the sen level, 
resulting in the alternate pushing lmck and encroachment of the ocean. 
The causes of these movements are complex and need not Ik? discussed. 
That they have actually occurred is shown by the fact that the continent 
is largely built up of layers of marine deposit*, between some of which 
are marked discordances of structure and profound differences in life 
remains. The Mesabi district, as shown by the facts given in preceding 
chapters, has been involved in some of these general movements and has 
been covered by ocean waters at several times. 

The oldest rocks of the Mesabi district, the Archean series, are of 
igneous origin. Eor a long period these rocks must have haul the district 
to themselves, for there is evidence that the rocks had been mashed, bent, 
and broken by slow earth movements, during which mountain masses were, 
perhaps, formed which haul been slowly but deeply cut by surface erosion 
before the next overlying series was deposited. 

The erosion of the area was accompanied and followed by subsidence 
and by encroachment of the ocean, which deposited the Lower Huronian 
sediment*. The first deposit of the advancing waters was conglomerate, 
made up of fragments from the Archean rocks. As the waters grew deeper 
over the Mesabi district, or the conditions changed in other ways, finer 
detrifal debris was deposited, which, when hardened and metamorphosed, 
became graywncke and slate. 

After a time sufficient to allow the deposition of fine-grained Lower 
Huronian sediments to a thickness of 5,000 feet or more, there was an 
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elevation and folding of the area and a consequent falling back of the 
ocean water*. This was either accompanied or followed by the intrusion 
of granite and the metamorphism of the Lower Huronian strata. As a 
result of the elevation, the folding, and the intrusion of granite, mountain 
masses were produced, which were slowly worn down by erosion. This 
sequence of events is evidenced by the truncated folds in the Lower 
Huronian strata. A vast period of time must have been required to 
accomplish these results. 

The degradation ami subsidence of the area and the encroachment of 
the ocean brought on conditions for the de|>nsition of the Upper Huronian 
series. The first deposit of the Upper Huronian sea, as usual, was one 
characteristic of shallow waters, conglomerate and sand (Pokegnma forma- 
tion). When the conditions changed iron formation ami mud (Biwabik and 
Virginia formations) were deposited. Between the deposition of the 
Pokegama formation and the deposition of the Biwabik and Virginia 
formations there was probably another slight oscillation of the land, which 
]>erhaps even brought the Pokegamt formation above water, for we find at 
the base of the iron formation a thin layer of conglomerate, indicating a 
brief period of shallow waters and wave action just preceding the deposi- 
tion of the iron formation. The Biwabik iron formation was in the main 
deposited before the Virginia formation, but the change from one to the 
other did not occur evenly through the range. While the iron formation 
was still being debited in the western part of the area, mud was being 
deposited in the eastern part, and furthermore, unusual currents or minor 
oscillations were carrying mud layers into the area in which th«> main 
deposit was of iron-formation material. This sequence of events is shown 
by the gradation of the iron formation into slate when following the range 
east from the central part of the district, and by the interstratification of 
slate layers with the iron formation in other parts of the district. 

The Upper Huronian sea may not have covered the area immediately 
north of the Giants range; in other words, the Giant* range may have 
formed the northernmost shore line of at least a part of this ocean, for notwith- 
standing repeated search on the north side of the Mesahi range and in the 
area between this range and the Vermilion range, and even in the Vermilion 
range itself westward from its connection with the Mesabi rang*?, no trace 
of Upper Huronian sediments has been found, and while erosion could have 
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accomplished tliis result, the fact that the series is so well developed to the 
south side of the Giants range, and its continuation is entirely lacking north 
of the Giants range, suggests the possibility ot a shore Hue. The fact that 
the area north of the Giants range is underlain by Archean and Lower 
Huroiiiuu rocks would seem to indicate that the general area north of the 
Giants range, including the major portion of the Vermilion district, may 
have been an anticline and above water dining Upper Huronian deposition. 
On the other hand, the I'pper Huronian rocks are known to have very 
widespread distribution in the Lake Superior country, and it is quite possible 
that they may have entirely covered the supposed anticline northward 
from the Giants range and have since been removed from this area by 
erosion, which would naturally cut down the anticlinal area first. 

If there was a shore line along the Giants range during the deposition 
of the I'pper Huronian sediments, the sediments would have had a slight 
initial dip to the south, due to original deposition in this position against 
the shore. It is probable, however, that the general southerly tilting now 
shown by the Upper Huronian strata is due mainly to subsequent folding. 

The deposition of the Upper Huronian series was followed by an 
elevation and slight folding and a pushing back of tho ocean waters, and 
this in turn by a long period of induration and erosion. For most of the 
district erosion did not cut through the Virginia slate before the advent of 
the Keweenawan, but at the east end of the district the slates were probably 
removed and the iron formation exposed. 

In Keweenawan time tho Duluth gabbro mass of northeastern Minne- 
sota was intruded l)etween the Upper Huronian series and any sediments 
which may have overlain it and greatly metamorphosed the rocks with which 
it came in contact There iB no direct evidence of Keweenawan sediments 
and surface flows having overlain the Mesabi district, but if they were ever 
present, as they may have been, judging from tho facts observed in other 
parts of the Lake Superior region, the district must have undergone another 
submergence in Keweenawan time prior to the intrusion of the gabbro. 

The gabbro is now found to lap diagonally over the Virginia slate and 
the iron formation and to rest on the eroded edges of both, showing that 
the post-Huronian erosion had cut through the slate for a part of the 
district, as above noted. If such erosion had not occurred, it would lai 
necessary to suppose the gabbro to have been intruded along an even 
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plain- «ft*iirly inclined t<» the stratification of the Upp<'>" Hurouian series. 
Moreover, the relation of this erosion plane to the I'pper Hurouian stmt a 
is .sncli as to indicate that the tilt of the strata was either to the south or to 
the west prior to the erosion which piircil down the surface. 

The gabbro intrusion was followed by an intrusion of granite in the 
eastern end of the district, which greatly metamorphosed the Upper Ilnronian 
strata with which it came into contact. The time of the intrusion i> post- 
Huronian, and in view of the fact that granites have been found cutting the 
Keweeiiawan (and not the Cambrian) in other areas, it is thought that the 
intrusion in the Mesa hi district occurred in Keweeiiawan time. 

At some time after the Keweeiiawan. and before the deposition of the 
Cambrian, the Upper Ilnronian and Keweeiiawan rocks (ami of course all 
underlying rocks) were folded. This tolling was mainly responsible for the 
gentle southward tilting of the Upper Ilnronian strata of the Mesabi district. 
It was also responsible for the final elevation of the area, the erosion remnant 
of which is now known as the (Hants range. Evidence that the main 
folding of the Upper Huronian occurred in jHtst-Kcweenawan. rather than 
pre-Keweenawan time, is lacking in the Mesabi district itself: in fact, the 
only positive evidence thereto be observed is that the Upper Ilnronian series 
was slightly folded and truncated before Keewecnawan time, as shown bv 
the relation of the formation to the Keweeiiawan. Hut in other parts of the 
Lake Superior country the two series have been uniformly folded together 
ami owe their present attitudes essentially to this folding, and it is not 
probable that the limited area of the Mesa hi alone escaped this movement. 

I hiring Paleozoic and most of Meso/.oic time, represented in other 
districts by deep accumulations of sediment, the Mesahi district was 
probably above water and undergoing erosion, for we find no traces of such 
deposits in this or adjacent districts. Yet it is not certain that the Cam- 
brian may not have covered the area, for it is known to have a widespread 
distribution in the Lake Superior country and to have In-en stripped of 
great areas bv erosion. It is now found in areas almost as high as the 
f iiauts range, as, tor instance, the Menominee district of Michigan. Toward 
the close of Mcsozoie time, in the Cretaceous period, there came a sub- 
sidence of the area with reference to the ocean level, and the Cretaceous 
ocean encroached over the part of the an a westward from Virginia and 
probably extended eastward from Virginia, but how f;ir no evidence is as 
yet at hand to show. 
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With tin- subsequent emergence of tin* Mcsahi district from tin* Creta- 
ceous ocean, the district appeared in approximately its present condition so 
far as rook succession an«l structure are concerned. 

After another lonjr period. represent* -d in other pains of the United 
States by deposition of Tertiary sediments, during which erosion greatlv 
modified the surface of the land, the great North American coniinental ice 
sheet of Pleistocene age pushed its southern margin over the Mesa hi 
district. The granite of the Giant* range bore the hrunt of the attack from 
the north and consequently was much cut down by the ice, but all the 
other formations of the district, including the iron formation, were truncated 
to a considerable depth. This is shown bv the abundant drift in the district 
largely composed of local man-rial. The drift for the most part conceals 
the older rocks along the southern slopes. When the melting of the ice 
sheet had caused the margin to recede north of the Giants .range, it is 
probable that a considerable body of water was ponded between the ice 
front and the crest of the Giants range, and when high enough the water 
escaped through the lower places in the range, and in so doing gouged out 
some of the remarkable small steep-walled gorges now to be observed at 
a number of |>oints in the granite at the crest of the range. 

Since Glacial time ordinary erosion agencies have been at work. 
Where, as in the upper and eastern portions of the range, glacial drift is thin 
or lacking, drainage channels have followed the old ones formed before the 
Glacial epoch. On the lower slopes of the range, and particularly in the 
western portion, the drainage has been feebly .struggling to perfect itself 
in the great irregular mass of glacial debris, but thus far with little success. 

Since the emergence of the Upper llnroniau series from the sea and 
the removal of the Virginia slate, the rocks of the Hiwabik iron-bearing 
formation have been continuously undergoing alterations, part of which 
have resulted in the concentration of the iron-ore deposits of the district. 
The nature and progress of this alteration are discussed in Chapter VIII. 

Such, in brief, is the history of the district as shown bv the succession, 
structure, and relations of the rock strata It is apparent that the develop- 
ment of the Giants range has been a complex process. Its first recognizable 
elevation occurred at the time of the Lower Huronian folding and intrusion 
of granite. At the time of the inter-l (uronian erosion the elevation was 
greatly reduced, and the Upper Huronian sea may have entirely submerged 
it. Yet it is jM»Hsiblc that it may have remained sufficiently high to form 
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the shore line of a portion, nt least, of the Upper Huronian sea. Some of 
the spurs of Archean ami Lower Huronian rocks also, as, for instance, the 
one ruuning out toward Eveleth, may have existed either above or below 
water during the time the Upper Huronian sea was depositing sediments in 
the area. After the deposition of the Upper Huronian the range was again 
elevated and gently folded. Before the Keweenawan it was considerably 
reduced by erosion, for in the east end of the district the Keweenawan 
gabbro rests upon the truncated edges of the Upper Huronian rocks. 
After Keweenawan time the range was further folded ami uplifted. Indeed, 
its major elevation was probably developed at thi» time. From Kewee- 
nawan to Pleistocene time erosion cut down the range, except during the 
Cambrian and Cretaceous periods, when the process was perhaps replaced 
by deposition. In the Glacial epoch the range was further cut down by 
glacial erosion. And, finally, since Pleistocene time, subaerial erosion has 
perhaps very slightly reduced the portions of the range not covered by 
glacial drift. 

SUCTION II. COItHKI-ATION. 

In the l^ake Superior region H. I). Irving, followed by C. R. Van Hise, 
and their assistants on the United States Geological Survey, have discrim- 
inated four great pre-Cambrian series: 

(1) The Basement Complex or Archean, consisting mainly of igneous 
rocks, but containing also sedimentary rocks in small quantity. 

(2) The Lower Huronian, a sedimentary series resting uneonformably 
upon the Archean. 

(3) The Upper Huronian, another sedimentary series resting with well- 
marked unconformity upon both the Archean and Lower Huronian. 

(4) The Keweenawan, a series of intercalated lavas and sediments 
resting uneonformably upon all the underlying rocks. 

The Huronian and Keweenawan series together make up the Algonkian 
system. For a full discussion of these great series, the development of 
knowledge concerning them, their relations, their subdivisions, and their 
local names, the reader is referred to the reports of the United States 
Geological Survey • 

The series alx»ve named had l>een studied in detail and their relations 

"Sw particularly Hull. Stt, and Sixteenth Ann. Rfpt., Pi. I, |.|>. 7SO-S07: mx al#o correlation 
chapters iu Monograph* XIX. XXVIII. XXXVI. ami XLV. 
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determined in tin* other iron-bearing districts of the Lake Superior region 
before the Mesabi district had bee n systematically studied by the Survey. 

In the Mesa hi district the gabbro has been aligned by all to the 
Kfwre nawan. The upper, flat-lying series of the Mesabi district has been 
generally recognized us the equivalent of the Aniniikie series «»f the inter- 
national lmundary. eastward from Akeley and Gunflint lakes to Thunder 
Bav, and has indeed been called Aniniikie bv nearly all who have had 
occasion to refer to the series. (See Chapter II.) Irving and Van Hise 
have correlated the Aniniikie series with the original Upper Huronian 
series as worked out on the north shore of Lake Huron. This correlation 
has been consistently followed bv the United States Geological Survey in 
its work on the Luke Superior region, although the correctness of the 
correlation is disputed by a number of the Canadian and Minnesota geol- 
ogists, who maintain that the Aniniikie series is later than the true Upper 
Huronian. The controversy as to the equivalence of the Aniniikie and the 
Upper Huronian will not be gone into, but the correlation by the United 
States Geological Survey will be accepted as a basis for the correlation 
and naming of the Aniniikie and underlying series in the Mesabi district. 
Professor Van Hise has now in preparation a final monograph on Lake 
Superior geology in which the question of the con-elation of the Aniniikie 
will be fully discussed in the light of recent field work in the Lake 
Superior region. 

The rocks underlying the "Anhnikie" or Upper Huronian of the 
Mesabi district were lumped together as Keewatin and described as 
essentially igneous by the geologists of the Minnesota survey, and largely 
because of this were formerly correlated with the Basement Complex 
or Archean by the United States Geological Survey. When systematic 
work was done in the Mesabi district by the United State* Geological 
Survey it was found that the supposed Archean Complex or Keewatin 
series, underlying the Upper Huronian, really consists of two series, one 
igneous and the other sedimentary, which correspond respectively in their 
relations and lithological character with the Archean and Ix>wer Huronian 
series of other parts of the Lake Superior. region, particularly the Vermilion 
district of Minnesota. 

Thus, each of the four great divisions of the pre-Cambrian previously 
worked out by the United States Geological Survey for the Lake Superior 
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region as a whole was found to In- represented in the Mesabi district. 
Perhaps in no other district is the proof i»f their existence ami relations any 
more decisive than here, and the Mesa hi may well serve in these features 
as the type prc-Cambrian district of the hake Superior region. 

If the Minnesota survey had divided the Keewatin of the Mesabi 
district into the Upper and hower Keewatin, as suggested by Grant, and 
had included the separately mapped greenstones ami mica-schists in the 
hower Keewatin, it may have been that the succession of the Minnesota 
survey would have been identical •reolojncall v with that of the United 
States Geological Survey. It may he asked, then, whv the terms " Up]wr 
Keewatin," "hower Keewatin," and "Taconie" or "Auimikie" shouM not 
have been retained for the Mesabi formations A perusal of the summaries 
of literature in Chapter II will show that these terms have been used 
from time to time and from place to place in a great variety of senses. 
As at present used in northern Minnesota, Upper Keewatin and hower 
Keewatin each include rocks which the United States Geological Survey 
has designated as Archean ami hower Ilurouian. Moreover, the terms 
"Huronian" ami "Archean" had been applied to similar series in other 
parts of the hake Superior country before the term "Keewatin" was intro- 
duced, and should therefore have been retained for Minnesota. The term 
"Taconie" has been used as an equivalent to hower Cambrian, and includes 
lioth Keweenawan and Animikie rocks. The work of the United States 
Geological Survey ha* demonstrated the presence of a great unconforinity 
between the Cambrian and the Keweenawan, ami between the Keweenawan 
and the Animikie, ami hence the term "Taconie" could not be retained 
for these two unconformable series, even if the term "Animikie" had 
not priority in the hake Superior region and the term "Taconie" wholly 
discredited in the eastern United States, where the term was first applied. 

The remarkable similarity of the Up|>er Ilurouian of the Mesabi dis- 
trict to that of the Penokcc-Gogcbic district has been often remarked. 
The succession within the series is the same. The relations to adjacent 
series are similar. Scarcely a phase of rock in one series can not l>e 
matched in the other, although in varying abundance. The Upper Iluro- 
uian of the Mesabi district is on the north shore of hake Superior and dips 
to the south at a low angle. The Upper Huronian of the IVnokee-Gogehie 
district is on the south side of hake Superior and dips to the north at a 
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high angle. These facts, taken together with the synclinal structure of 
the Lake Superior Basin, indicate that the Upper Huronian series of the 
Mesa hi and the Penokee-Gogebie districts form, respectively, the north and 
south limbs of a great basin into which the Upper Huroniau series has 
been folded and within the limits of which also the series was probably 
originally deposited. 

The hypothetical course of the truncated edges of the Upper Huronian 
strata connecting the two districts is indicated by the broken line in fig. 8. 
The area south of the Mesabi range is low and swampy for a considerable 
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distance, and this area is presumably underlain by the Upper Huronian 
slate, which is soft, easily eroded, and has a synclinal structure. In the 
vicinity of Carlton and Cloquet, on the St. Louis River, are graywackes and 
slates standing on edge, which resemble the Lower Huronian series of the 
Mesabi district and are presumably themselves of Lower Huronian age. 
About 12 miles east of Aitken. Minn., south of the town of Kimberly, are two 
exposures of quartzite identical in character with the Pokegaina quartzite 
of the Mesabi range. To the south of this quartzite is greenstone identical 
with the Archean greenstone of the Mesabi district. To the west and 
south outcrops of granite and greenstone, presumably of Lower Huronian 
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and Archean age, are kuown at a number of localities, as shown on the 
map. The Upper Huronian series for thin part of the region may lie 
within the limit* of the area thus outlined hy the I^ower Huronian and 
Archean rocks, and the outcrop of quartzite, which is presumably Upper 
Uurouiau, would indicate that the southern arm of the Upper Hurouiaii 
syncliue actually comes up clow to the edge of the ami so outlined. To 
the north of the cpiartzite exposure at Kimberly referred to is iron-formation 
debris in the drift and a faint line of magnetic attraction extending in a 
direction nearly east and west from the quartzite. .Moreover a faint line of 
magnetic attraction has been carried some distance west of Grand Rapids. 
It must be assumed that the Upper Huronian belt passes north of Carlton 
and Cloquet. Its course in the area between these places and the Fenokee- 
Gogebic district is not shown by any direct evidence, but it seems prob- 
able that it must connect with the Penokee-Gogehic district by a com- 
plex fold for this reason: The occurrence of the Keweenawan and Upper 
Uurouiau rocks in the I'enokee-Gogebic district and other parts of the 
Lake Superior region indicates that the two series received their major 
folding together, and the folds or tongues in the Keweenawan rocks shown 
on the map are likely to have their counterpart* in the Upper Huronian 
strata below. The truncated edges of the Upper Huronian strata may 
therefore appear in somewhat the position shown on the map. But whcro 
the distribution of the series can l)e worked out the series is known to pass 
under the Keweenawan for considerable distances, as in parts of the Mesabi 
and Penokee-Gogebic districts, and it is more than likely that through the 
unknown connecting area the iron formation is actually covered by the 
Keweenawan over considerable areas. Also, during the erosiou period 
between Upper Huronian and Keweenawan time, the entire Upper Huro- 
nian series, includiug the iron-bearing formation, may have been wholly 
removed for long distances, and thus the Keweenawan lies against the 
Lower Huronian or the Archean without intervening series equivalent to 
the Mesabi. But so far as the Upper Huronian still occurs at the sur- 
face it is likely to be found close to the edge of the Keweenawan, and for 
this reason the dotted line is drawn nearly parallel to the periphery of the 
Keweenawan. 

That the Upper Huronian strata of the Mesabi and Penokee-Gogebic 
districts were originally connected no one will doubt who examines them 
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and realizes their identity in character. That the eroded edges of the 
Upper Huroniaii folds have the position indicated on the map is largely 
hypothetical, but is in accord with the known tacts and inferences derived 
from them. Explorations in search for the iron-bearing member of the 
Upper Hnronian series Ixjyoud the known distribution in the Mesabi and 
Penokee-Gogebic districts ought, first to be made on some such assumption 
as to distribution mid carried into other area* as the developed facts 
warrant. 
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THE IRON-ORE DEPOSITS. 

DIKTHIBITIOX. 

On the accompanying geologic map of the Mcsabi district the principal 
properties underlain by iron ore of present commercial value are indicated 
by shading and names. The ore deposits do not occupy all the ma shaded, 
but each of the shaded areas contains some iron ore. The following 
features of distribution of the iron ore may be especially noted: The 
deposits are numerous through the central portion of the district, and they 
are altogether lacking in the extreme eastern and western portions. In the 
central portion of the district they have a tendency to occur in groups, 
with the intervening ureas showing few or no deposits. The largest group 
of mines in the district, and for that matter probably the largest group of 
iron-ore deposits of such quality and size in any known equivalent area in 
the world, is in the vicinity of Ilibbiug. In the district as a whole, the 
deposits are less numerous and less in bulk adjacent to the north and south 
boundary of the iron-l>earing formation than in the middle horizon, though 
there are numerous and marked exceptions to this statement. It is safe to 
say that a line drawn parallel to the trend of the district, halfway between 
the north and south boundaries, would cross the large majority of the 
deposits. Assuming the ore to occupy about one-fourth of the areiw 
shaded, the proportion of the area of the ore deposits to the total area of 
the iron-bearing formation of the district is. roughly, *> per cent, and for the 
area between the Hawkins mine and Mesaba station the iron ore occupies 
8 per cent of the area of the iron formation. 

While no iron ore has been found in the few holes that have penetrated 
the solid Virginia slate and entered the underlying formation, it is not 
satisfactorily proved by actual drilling that iron-ore deposits do not occur 
in this part of the iron-bearing formation. Iron ores have been found in 

•Mi 



Digitized by Google 



THE IUOXORE DEPOSITS. 



207 



and associated with slate layers in the iron-bearing 1 formation and also just 
under the edge of solid black Virginia slate. Yet certain facts discussed 
in connection with the origin of the ores indicate hut small probability of 
finding ores any considerable distance under the Virginia slate. 

The western portion of the range, west of Hawkins mine, shows few 
deposits and these are of comparatively low grade. Xo adequate reason is 
known why high-grade ores should not be found them in quantity, but the 
considerable amount of drilling thus far done in this area has not disclosed 
them. Certainly the lades put down in this part of the range have disclosed 
far less high-grade ore than any equivalent number of holes as widely 
distributed through the central portion of the range. 

The iron formation in the eiistem part of the Mesabi district, east of 
Mesaba station, is well exposed and has been much explored. Indeed, 
considerable explo:ation was done here before the central portion of the 
range was discovered. Yet no merchantable de|K»sits of ore have thus far 
l>een discovered. It is thought that little or no high-grade ore is likely to 
be found here for reasons given on pages 272-274. 

S1IAPK. 

The shape of the ore deposits can not lie better described than by 
saying that the ruck bottoms on which they lie form shallow, irregular 
basins, usually with greater horizontal than vertical dimensions, r.lthough 
rarely the reverse. These basins have all the complexity and relations to 
other troughs of ordinary surface-drainage basins in driftless areas. Indeed, 
topographic maps of the bottoms of most of the Mesabi iron-ore deposits 
would serve fairly well as maps of typical surface-drainage basins. The 
basins may Imj fairly simple with only minor irregularities: they may slope 
gently on one side and steeply on the other; there may he overhanging 
shelves on one or Imth banks; there may Im- salients and reentrants; there 
may be islands of rock; there may be irregularities in their bottoms 
resulting in their longitudinal or transverse division: there may be 
tributary channels coming in from the sides. The bottoms of the basins 
seldom show gentle slopes, but are terraced, the slopes of the terraces 
corresponding to the dip of the iron-formation strata. Usually the rock 
basins containing the ore have a very considerable pitch; the difference in 
elevation of the two ends may be as much as 100 feet. The lower portions 
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of the basins containing ore are commonly below the level of the outlets. 
Tiie upper side* of the ore deposits are usually irregular and jwrhaps slightly 
below the level of the surrounding rock sulfates. These features are due 
to differential erosion and to the scraping of the glaciers which have passed 
over them Because of this fact and berause also of the irregular covering 
of glacial drift the pits of the rock basin in which the ore deposit lies may 
not I*j apparent at the surface. Finally, the longer directions of the ore 
basins may be either parallel or transverse to the trend of the range. 

A topographic map of the bottom of a typical, somewhat irregular 
Mesabi iron-ore deposit, the Adams, is represented in PI. XXI11. 

The Mesabi iron-ore deposits have horizontal dimensions varying from 
a few feet to almost 2 miles. Commonly, they show considerable extension 
in one direction. The widths seldom exceed a quarter of a mile, while the 
lengths are not uncommonly a half mile or more. 

The thickness rarely reaches 350 feet and is commonly less than 200 
feet. Many deposits not over 60 feet in thickness are being mined. The 
maximum deplhs of the workings of some of the mines are given in the 
following table : 

Maximum depth of wine* in MtJKtbi district '. 

[JUIH!. 1DW.1 

F«1. 



Burt 120 

Duluth 97 

Biwabik 110 

Mahoning 75 

Sparta 125 

Malla 110 

Pilbhtiry 73 

Kf>ni«. 211 

Stove naon 40 

Hull 17« 

Runt 1SKJ 

N-IW-ns i:w 

Aulmrn 2IS 

174 

Kayal m 

Moimtaiu !«••» ISO 
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KINDS OF OKE. 

The Mesabi iron ores are for the moat part slightly hydrated hematites 
with an average of 3 per cent of combined water shown by cargo analyses. 
It is likely that the true percentage of combined water may be somewhat 
larger than this, for before it is measured the ore is dried at 212° F., a 
temperature sufficient to drive off some of the combined water. Asso- 
ciated with the slightly hydrated ores are abundant layers of ores of 
varying thickness differing from hematites only in their higher percentage 
of combined water. They include turgite, 2 Fe,0, (94.7 per cent), H,0 
(5.3 per cent); goethite, FeA (89.9 per cent), H,0 (10.1 per cent); limonite, 
2 Fe 2 Oj (85.5 per cent), 3 H,0 (14.5 per cent); and jwssibly even xantho- 
siderite Fe s O a (81.6 per cent), 2 H 2 0 (18.4 per cent). Magnetite is present, 
but very sparsely, in the ore deposits. 

The slightly hydrated hematites are usually dull blue-black or brown 
earthv varieties. The hard blue crystalline hematites are rare and the bril- 
liant specular hematites altogether lacking. The more hydrous ores are 
for the most part soft, earth)' varieties. Most of them are locally called 
yellow ocher, or brown ore, but they include also hard crystalline varieties. 
Rarely both the hematite and hydrous ores appear in stalactitic or botry- 
oidal forms which are likely to be observed bordering cavities in the ore. 
Under the microscope the hematites appear only as dull-red and black 
opaque aggregates, and the hydrous ores as dull-yellow opaque aggregates, 
but when examined in hand specimens they arc seen frequently to l>e 
made up of small ellipsoidal granules identical in size and shape to the 
greenalite granules of the greenalite rocks described on pages 101-115. 
The magnetite, when present, is black and crystalline, occurring typically 
in octahedra. 

East of the Iron Range track, through most of range 14, and all of 
ranges 13 and 12, the oxide is largely magnetite, which has not been segre- 
gated into deposits, of sufficient extent to warrant exploitation. Westward 
from Mesabi station the magnetite gives way rapidly to more or less 
hydrous hematite, and through the central and western portions of the 
range is found in but small quantity. 

Slightly hydrous hematites and the more hydrous ores are almost 
everywhere interbanded in thin or thick layers, yet in most deposit* con- 
>iox xuii— 03 14 
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siderable zones are composed predominantly of one or the other class of 
ores. The hydrous ores are more abundant near the tops of the de|>osits, 
as in the Mahoning Sharon, Clark. Oliver, Genoa, Sparta, Elba, Commo- 
dore, Biwabik, Duluth, and Hale mines. To less extent they appear in 
middle and lower horizons in the deposits. 

MINERALS AM) ROCKS CONTAINED IN THE ORE. 

The principal mineral constituent associated with the ore is chert or 
quartz. Average cargo analyses of the ores bIiow about 4 ]>er cent of silica, 
but locally the percentage of silica in the ores runs much higher. There 
may be found all stages in the gradation, from ore with a low percentage 
of chert to ferruginous chert with only a low i>ercentage of iron. Ferru- 
ginous chert forms the wall rocks of the deposit, occurs as pillars, horses, 
or shelves projecting from the bottoms or sides, and occurs as small or large 
masses entirely included in the ore. Even where the percentage of chert 
is as low a* 4 per cent the substance may be observed in minute grains 
with the microscope. 

Rarely a layer of the ferruginous chert in a deposit may be so disin- 
tegrated that it is a soft, light-yellow powder resembling fine sand or tripoli 
powder. The particles are entirely angular. Analyses published by Spun- 
give the following results: 



I'M Cvlll. l\r win. 



SiO, 

Al.O, 



MgO 

C«0 

NV> 

K,<> 

H.O- 

H.O 

Losh on ienition . 



77. HS» 
13. 5o 

Tnu-o. 

,5x 
.S4 

4.45 



OS. 17 

1.08 
Tnui-. 



Trace. 



.19 



W. SO 100. 14 



Sat Hiit. Hurr. v Minn.**.. Bull. Nn. ).. »1 ■ 
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Other similar layers, somewhat coarser, ant found on examination to 
consist of waterworn sand (to he discriminated from the "sandy" ores 
described in the subsequent paragraph). Some of the sand layer* are cer- 
tainly the result of washing in of glacial sand along cracks from above, as 
the layers have been connected with the surface and consist of fragments 
of all the minerals found in the drift, but others may represant a disinte- 
gration of original sandy layers in the iron formation. 

In the western end of the range some of the iron ores contain so much 
disseminated "sand" that up to 1!»()2 they were considered unfit for use. 
The "sand" is uniformly disseminated through the ore, or occurs as more 
or less iron-stained layers. Under the microscope the "saud" is seen 
to consist not of water-rolled particles, but of subangular fragments 
of chert derived from the disintegration of the ferruginous chert. All 
stages of the disintegration may be observed from a typical ferruginous 
chert, in which the former existence of greenalite granules is indicated by 
the distribution of chert and iron oxide, to the loose particles of chert which 
to the naked eye look like sand. In the less disintegrated phases the 
polygonal and angular particle* of chert may bo seen to be separated by 
thin films of iron oxide, showing the cementation of the particles to be very 
weak. The disintegrated chert may be separated from the ore by washing, 
but whether or not this can be done successfully on a commercial basis is a 
question not yet satisfactorily decided. Experiments thus far conducted, 
while not decisive, indicate that it can be done. 

A small quantity of griinerite and actinolite in columnar forms or in 
radial sheaves may occasionally be seen associated with the chert and ore, 
especially in the ore containing considerable magnetite. 

Crystals of calcite, siderite, dolomite, quartz, adularia, pyritc, mica, 
pyrolusite, and many other minerals are common in vnggs. 

It is not known in what mineral form the phosphorus occurs in the 
ores, although it will be shown on a subsequent page that it occurs 
probably in combination with alumina. 

In the Michigan ranges Prof. A. K. Seaman, of the Michigan School of 
Mines, ha* determined the phosphorus to occur largely in the form of 
apatite. Apatite has been searched for in the Mesabi ores, but has not 
been found in clearly identifiable crystals. Other phosphorus minerals, 
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such as vivianite, wavellite, wagnerite, and collophanite, have been looked 
for, but without success. 

Layers of paint rock, ranging in thickness from a fraction of an inch 
to several feet, occur in almost ever)- deposit Kaolin, or clay layers, 
either white or yellow, and not sufficiently discolored by iron to warrant 
the name "paint rock," are also occasionally to he seen. 

Ferruginous slate, differing from the normal ores only in containing 
a higher percentage of alumina, forms layers in the ore deposits. 

Occasionally a small mass of bluish-black ore is encountered which 
runs high in manganese in the form of pyrolusite. 

Vein quartz, usually much brecciated, is a common feature in the 
ore deposits. It usually follows irregular joints and fault zones, and 
occasionally follows the bedding for a considerable distance. The breccia- 
tion is direct evidence of considerable movement in the deposit subsequent 
to the introduction of quartz. 

Iron pyrites is rarely to be observed in quantity; it is known to be 
sufficiently abundant to lower the value of the ore only along the edge of 
two deposits on the range. 

Still other rare rocks or minerals in the ore deposits could In- 
mentioned. In the Fayal mine is a |>eculiar bluish rock with a greasy 
feeling, showing slickensides. It i* a rock rich in magnesium aud colored 
by ferrous iron. Its origin is not known, nor is it important. 

CHEM1STKY. 

The following statements concerning the composition of the Mesahi 
ores are based on official cargo analyses, as published by the American Inm 
and Steel Association, on a great number of detailed figures furnished by 
mining superintendents, engineers, and chemists on the Mesabi range, and 
finally on general statements made by those best qualified to make them. 
Among those who have given especially full information on this subject 
should be mentioned the I^endi brothers, chemists, of Ilibbing, Virginia, and 
Hiwabik ; -Mr. U. R Green, chemist of the Minnesota Iron Company : Mr. K. T. 
Griese, chemist of the Duluth, Missabe and Northern docks at Duluth; Mr. 
A. P. Silliman, mining engineer and chemist, Ilibbing; Mr. A. T. Gordon, 
chemist, Mountain Iron; Mr. E. J. Johnson, chemist of the Republic group. 
To mention siuwrintendents and miuiinr engineers who have given infor- 
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mat ion would he to give a list of those connected with Mesabi raining. It 
must not be understood that each of the above-named gentlemen would 
agree with nil of the following statement* Indeed, there is much minor 
diversity of opinion. 

Average cargo analyses of Mesabi ores shipped in 1901, according to 
figure* compiled by the Iron and Steel Association, are a» follows: 
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The above figures show tliat the Mesabi ores at present mined contain 
h high percentage of iron — indeed, a higher percentage than is shown bv 
the average of all tlie ores* mined in the other ranges of the Lake Superior 
region. At the present time ore containing less than ">8 per cent is not 
mined on the Mesabi, except in small ipiautity tor mixing with higher 
grades, thus making the cargo grade above 58 \*;r cent. 

The slightly hydrated hematites make up the bulk of the ore shipped 
from the Me.su hi range, and therefore their average composition is approxi- 
mately that given above for the entire Mesabi shipment. 

The percentage of iron in the yellow or brown ores averages less than 
the figures given for the hematites. Fifty-six to 60 per cent are character- 
istic figures. 

The loss on ignition, above shown, is presumably largely combined 
water. However, this may not represent all the combined water, for the 
ores are dried at 212' F., and it is extremely likely that at this temperature 
some of the combined water is driven off. Where Mesabi ore has been 
finely powdered and dried for a longer time than usual a half to 1 per 
cent more of water has been lost by this drying." Again, there may be a 
really greater loss of combined water on ignition than is shown by the 
weight, because there is an actual gain of weight due to the oxidation of a 
ferrous oxide to a ferric oxide. On the other hand, the loss on ignition 
may be partly due to the burning of organic matter, or to the conversion 
of a carbonate to an oxide, or to the decomposition of a sulphide whereby 
the sulphur is eliminated. Hut while the average of 3 per cent is perhaps 
a trifle low, the figure probably represents nearly the average conditions. 
From these average conditions there are wide variations, for it is known 
that some of the yellow ores are highly hydrated, while others are slightly 
so. For instance, some of the "yellow ocher" in the Hiwabik group of 
mines showed an average content of water, according to H. V. Winchell, 
of 10.1 per cent, thus lx-ing goethite. 

The wide variation in moisture driven off at 212 — that is, hygroscopic 
water — is due to the character of the or and to local conditions. A porous 
ore is likely to contain more free water than a dense ore. An ore which 
has been standing in water is likely to contain more free water than ores 
which have been in drier places. In the Mountain Iron deposit the content 

' As |«-r li tt<-r <.i K. It. «.iiwn, chemist. .Mimn-.»..ta tn.u Co.. Ustcl Marrli •». IlKfJ, 
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of free water varies from (» per cent at the top of the open rut to 15 per 
cent at the bottom, and all is above ground water. Wlien mines are first 
opened up the content of \v«ter is usually larger than later when the mine 
has been partially drained. A heavy rainstorm also will make a difference 
of 2 or 3 per cent in the total. 

Only two deposits on the range an- known to contain sulphur in 
injurious amounts. The sulphur is present in the form of iron pyrites and 
is usually confined to the edges of the deposits. In mining these parts of 
the deposits are simply passed by. The hydrous ores perhaps run a little 
higher in sulphur than the nonhydrous ores. 

The {rreat variation in silica is due to the fact that the iron ore grades 
into ferruginous chert. Kocks can be obtained showing all percentages of 
iron and silica, but those containing a sufficient amount of iron to be 
ranked as ores seldom contain over H per cent of silica. In the western 
portions of the range the silica content is on an average higher than in the 
central portion, and in some deposits is so high as to run the percentage 
of iron down below the salable limit . 

The variation in alumina is due to the varying content of clayey and 
slaty material. In general the alumina is a trifle higher in the yellow ores 
than in the blue or black ores, although there are exceptions. This appears 
in comparing the higher and lower grades of ore in the preceding table. 
Throughout the district the lower grades of ore are the ones which are 
likely to contain more of the yellow ore than the remainder of the ores. 
For instance, in comparing the Mountain. Oliver, .Juniata, and Preble 
grades of ore from the Mountain Iron mine it appears that as the iron runs 
down the alumina runs up. The paint rocks uniformly contain a much 
higher percentage of alumina than any other rock in the iron formation. 

As phosphorus iu considerable quantity prevents use of ores for the 
acid Bessemer process, the phosphorus content in an ore is of the greatest 
importance. The Bessemer limit is vague, but is commonly placed at 0.045 
to 0.050 in phosphorus. From (>H to 70 per cent of Mesa hi ores would be 
ranked as Bessemer. However, ores containing a much higher percentage 
of phosphorus are used in quantity in basic open-hearth furnaces, and with 
the rapid growth of the open-hearth method of steel making such ores will 
1m- iu even greater demand. 

In the little hydrated hematites the phosphorus is below U.05 per cent, 
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although occasionally running a little higher. In the hydrous ores the 
average of the phosphorus is higher. The common figures are above 0.05 
per cent It is not necessary to give detailed figures for particular ores. 
Chemists, mining engineers, and mine managers all agree to this. As the 
hydrous ores are, on the whole, more abundant in the upper portion of the 
deposit* than elsewhere, the phosphorus is correspondingly more abundant 
at this horizon. 

It will be seen below that the Mesabi ore is jMirtly in the form of soft 
dirt and partly in hard lumps. To ascertain whether or not there is any 
difference in the percentage of phosphorus in the hard and soft lumps, in 
order to regulate the sampling, Mr. R. B. Green, of the Minnesota Iron 
Company, made a considerable number of analyses from cargoes of Canton, 
Norman, and Fayal ores, with results as follows: 

I't-rcrntttge of jt/umji/urrim in hard and toft lumps of area. 



Lamp. Flue. 

o.ow o.ao 

- CMS 032 

.048 053 

.04> .... 048 

.0.W 007 

.072 ftW 

.064 050 

.041 037 

.047 <m 



.0517 (Avengv) 04« 



These figures indicate in general a slightly higher percentage of 
phosphorus in the hard lumps than in the soft ones. A similar result was 
obtained by Mr. E. T. Griese in comparing the hard and soft lumps of the 
Biwabik mine. The soft material ran telow 0.035, while the harder lumps 
ran up to 0.040 to 0.060. 

Ores containing over 1 £ per cent of manganese are shipped only to a 
small extent. However, there are present in the Mesabi district ores 
containing a considerable higher percentage of manganese. In the 
Mountain Iron, the Moose, and the Oliver deposits bunches of ore have 
been found to rim locally from 15 to 61 per cent in manganese. The 
Oliver property is the only one on the range containing sufficient amount 
of manganese to prevent the shipment of any considerable proportion of 
its ore. Attempts have been made to utilize such ores as a manganese ore. 
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but tluiH far without success. In the samples of hard and soft material 
analyzed by Mr. Green it was found that the manganese was slightly higher 
in the liard lumps than in the soft ones. A similar result was obtained by 
Mr. Gordon of the Mountain Iron mine, as a result of analyses of Mountain 
Iron and Oliver ores. In the Biwabik mine the hard ore there found runs 
distinctly higher in manganese than the soft ore. Finally, certain of the 
yellow ores run as high as 1 per cent of manganese, while the blue and 
black ores seldom go over 0.50 per cent, except when close to the wall rock. 

Analyses of magnetite from the eastward continuation of the Mesabi, 
in the neighborhood of Akeley and Gunfliut lakes, are as follows: 



Analy»* of nutijixiite from iuif/fi/x>rfufxf of Ah ley find Gunfiint lakts. 



faaitttarnt. 1. 


•i 
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« 




5S.40 


54.01 


63. »H 


HI. 8* 
S5.55 
11.39 
Trow. 
.23 


VeJh 


Sin, 


8.22 
..%2 


S>.37 
.07 


s. no 


Al,0, 


CuO 








3.44 




.36 
4.92 
None. 


.32 .2S 
15. 02 Xmii. 


.02 


Mn 


Ti 


None. 


Traiv. 


None. 
Tint*. 













1, 2, rad 3. (Average of 6 famploa). From XE. J of NE. J tee. 29, T. 65 X., R. 4 W. (» e*t end 
of Gunrlint take). Analgia by Kattle and Nye. Cleveland. Published hy X. H. Winchell, (ieol. 
Xat. Hint. Survey Minnesota, Bull. Xo. 6. 

4. From SE. \ mx. 30, T. «2 X.. R. 10 W. (tnuieportod mame* of laibbrol. Analyst by C. F. 
Sldemr. Published by X. H. Winchell, GeoL Nat. Hurt. Survey Minnesota, Bull. No. 6. 
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The magnetites at the east end of the range have not yet been found 
in paying quantities. Analyses of magnetite from ranges 12 and 13 are as 
follows: 

Ana/ yuan of magnetite- from range* 12 and 13. 



Constituent- 


|. 


i 




1.16 
l.Sl 
80. OH 


U.SH 
.34 




i^o, 


FV> 4 


87.00 


FeO 


27. 10 
69.43 
.2f> 
0.53 
None. 
.08 


Fe 


63. 07 
.80 
0.20 
None. 


MgO 










.068 




.33 


S 


Trare. 


i 



1. From the «urt eml of Membi, SE. } of SK. J «c. 34, T. 61 N„ R. 12 W. Analvais bv W. H. 
.Melville, for \V. S. Bavlev. 

2. From the XE. I of «*. 23. T. 80 X., R. 13 VV. (near Iron LakeX Analvsu. by C. F. Signer. 
Published by X. II. Wimhell, Geol. XaL Hist. .Survey Minnesota, Bull. Xo. 6. 
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It will be noted that the magnetites contain little or no titanium. In 
this they differ from the magnetites occurring in the gabbro. Analysis of 
the latter are as follows: 



Amihjiv* of mat/iit tiU* in f/iMn>. 







3. 




20. MO 
1.7IS 

Trace. 
2.83 
2. 23 

None. 


2.02 
2.AS 
Trace. 


11.37 
1.32 
. 10 
2.73 
lft.03 
.01 


A1A 


Cao 


MgO 






V 




r,<\ 


.on 

SO. 78 
W. 4H 
12.09 
2.40 




2. 01 
70.2ft 
52. 46 


14.42 

53.33 
4S». 40 


Ke 












Trace. 







1. From the neighborhood of Iron I-ake in T. «51i X., R. 3 W. Annlyxbi by Prof. J. A. IVulge' 
Published by N. II. Winrhi'lt, <»eol. Sat. Hist. Survey -Minnesota, Bull. Xo. 4i. 

2. From SK. | see. 3*. T. t« X., K. 3 W. I Iron Uk«0. Analysis bv K. S. Robertson, Pittsburg. 
Publuhed by X. II. Winehell, f.eol. Xat. Hint. Survey Minne*nta, Bull. X... 6. 

3. From nee. 3»i. T. «3 X.. R. 10 W. Analysis by 0. F. Sidener. Published by X. H. Winehell, 
Geo). Xat. Hint. Survey Minnesota, Bull. Xo. fi. 

The paint rock frequently associated with ore deposits has a much 
lower average content of iron than either the hematite or hydrous ores. 
It averages all the way from 12 to 45 per cent or even to 55 per cent. 
Figures between 40 and 50 per cent are the most common ones. Phos- 
phorus is also usually but not invariably high. The usual range is from 
0.070 to 0.1 50. Alumina is also much higher in the paint rock than in the 
hematite or hydrous ores. The figures ran as high as 7 per cent (Lerch); 
3 to 4 per cent (Griese) may be the average. The water content is char- 
acteristically large. 

TKXTITRK AXI> STIU'CTURK. 

The Mesabi ores range in texture from large crystalline masses 
requiring the use of a crusher, as at Biwabik, to fine, soft dirt, which runs 
like dust between the fingers. In general the ores at Virginia and Eveleth 
and eastward are somewhat harder and coarser than those of Mountain 
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Iron, Hibbing, and vicinity, although there are exceptions both ways. 
The deposits are thin, bedded in layers varying from a fraction of an inch 
to several inches, or even feet Usually some of the layers are soft and 
pulverulent while others are more or less hard and broken up into smnll 
parallolopiped blocks by cross fractures. The best physical texture for 
furnace purposes, a medium hard ore in small lumps, is frequently found 
aloug the edges of the deposits. A stroke of the pick at almost any point 
in a deposit will loosen a mass of soft ore mixed with small blocks of hard 
ore which seldom exceed a few inches in length and breadth. The average 
texture of some of the ores is shown by the following screeniug figures of 
representative ores kindly furnished by -Mr. R. B. Green, chemist of the 
Minnesota Iron Company: 

.1 /> /•>/»/,- f, j-t>ir> »fo/ t . 





On- iw>t iwm- 
In* through 
a wrrrt'ti with- 
S^mt«lit«to 


Ore (wing 

through 
worwli with 
» m««he« to 
tor Inch 


Ore pumtng 

Ihmujrh 
Kcrwii with 

the Imh. 


• it* r**"ln» 

thmmth 
«rrwti with 
IUutn«*t>e»io 

the Inch 


ms. 


/Vr rt III. 


l'rr mil. 


Prr mil. 


/Vr <T,if ' 


Audrey ore, Auburn mine (41 cargoes) 


HO.KS 


9.52 


18. 72 


10. SS 




51.73 


7.90 


20. :w 


19.92 




72.17 


H. 42 


15.93 


3.48 




71.47 


7.09 


IS. 42 


3.01 




05.71 


5. 58 


15. 04 


13.09 




04. 13 


0.90 


20.05 


*.so 


1901. 












59. 3S 


0. 79 


IS. 10 


is. m 




04.92 


0.92 


10.42 


11. 74 




65.9-2 S.K5 


15.35 


12. SS 




75 to SO 


75 to W 


75 to 80 


20 to 25 



« l>H<rraln<*J In natural xteti' nfttT uiklng trt.'in oar- mwl drying. 



The looseness of the ore as it lies in the deposit is shown by the fact 
that in computing the tonnage of Mesabi ores 11£ to 14, or rarely even 17 
to 18, cubic feet are allowed per long ton (2,240 pounds), whereas in the 
hard-ore deposits of other ranges the common figures are 8 or 9 cubic feet. 

If the ore were all limonite with a specific gravity of 3.G, and if a ton 
be supposed to occupy 14 cubic feet, the calculated pore space would be 29 
per cent. If the ore were all hematite with a specific gravity approaching 
5, the pore space would be 48 per cent. If a ton of ore be supposed to 
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occupy 11 £ cubit- feet, there would be 13 percent pore space if it were 
limonite and 38 per cent if it were hematite. As the ore is an intermediate 
variety between hematite and limonite, it is probable that the average pure 
space is somewhere in the neighborhood of 3o per cent, though loeally 
showing wide variations. In contrast to this the pore space in the old range 
ores is commonly leas than 20 per cent. 

The bedded structure of the Mesabi ore deposits is a striking feature. 
A single bed commonly shows much persistence in color ami texture where 
followed out laterally, but differs in these particulars from beds above and 
below, with the result that the bedding structure is made most conspicuous. 
(See Pis. XXIV to XXXIII.) White and colored efflorescence along the 
bedding still further emphasizes it The l>edding planes in general pitch 
gently, perhaps 8° to 20", toward the lower end of the basin in which they 
lie. The beds may also dip gently from the side of the channel in toward 
its axis, as in the Oliver mine, or may have a inonoclinal tilt, as in the Hale 
and Kanawha mines. (See PI. XXXIII.) In exceptional instances dips are 
as high as 50° to fiO c , as at the Stephenson, Sauntrv-Alpena, Sparta, and 
Kanawha mines. Close to the wall rocks of the deposits the dip of the 
beds of ore usually becomes suddenly steeper and may jump up 45° or 
more at the immediate contact. Besides having the above general attitudes 
the iron-formation layers are much contorted in a minor war. In walking 
through any of the open pits of the mines the gentle minor undulations of 
the layers are everywhere apparent, and here and there folds of unusual 
sharpness stand out conspicuously. 

Some of the dips observed in the Mountain Iron mine are as follows: 



AT LetWRHT LEVEL OS EA*T HUE OF PIT <ii)lS<i KOl'TH 



S° R. 


30° SSW. 


S" s. 


20* X. 


1" s. 


6" S. 


5° X\V. 
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5° S. 


\" X. 


10° XXE. 


0». 


10° SSW. 
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0° s. 


11* SK. 


7 C SK. 
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•Jo 3 SW 
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fi= XX w. 
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Dips in the Oliver mine at Virginia are as follows: 

DIjhi in Oliver mint: 

OOIXH NORTH TO MIKHLK of PIT 

9° XW. 7° XW. 

ACROSS SYSCUNF. AT I TI'KR KNI> OF PIT FROM WITH TO NORTH. 

21° XE. »°NE. WSW. 

(IOlN(j WEST *UiSll NORTH WALL. 

12° SSW. *l a SS\V. l.V W. 40° SSW. 

35° SS\V. 20° SSW. 

Dips in the Biwabik mine, beginning at east end of mine and running' 
along the north wall on the upper level, are as follows: 

Dips in Biirtifilk mine. 

IV W. 12- S. U° H. 

IS'SSW. 13'KSW. ia°S. 12° s. 

1»= WSW. 14 s 8. 17° 8. 

1<»" S\V. 20° S. -JO" ssW. 

The bedding, while in general roughly parallel to the surface, in some 
deposits shows discordance with the surface. In the Sauntry mine, for 
instance, the surface of the deposit may be observed to cut diagonally 
across the layers of the ore deposit. 

Nodules of iron ore are frequently found with their greater diameters 
parallel to the bedding. The nodules vary from a fraction of an inch up 
to I! or S indies or more in size. They are frequently hollow and some- 
times fthow concentric arrangement of hvdrated and nonhvilrated ores. 

In addition to the bedded and folded structures, the ore deposits show 
many fractures, especially along the contact with the wall rock. The 
individual layers, where hard enough, are broken into small blocks by 
fractures which in the main are independent of those in the layers above 
and l>elow. Also numerous joints and faults cut across the ore deposit. 
Indeed, in some deposits there is scarcely a cubic yard which is not 
crossed by one or more such fractures. For the most part there is little 
displacement along fractures, and where displacement does occur it is 
measured by inche- rather than feet. Karelv a fault of several feet may 
be observed, and this is likely to lie near the contact of the ore with the 
wall rock. 
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The numerous joints and faults suggest that the apparent gentle folds 
in the iron-hearing strata aro not due entirely to actual heuding of the 
strata, hut are due in part to minute displacement along the closely spaced 
fractures. 

THE ROCKH FOKMJNO TIIK BOTTOM* AND HIDES OF TIIK ORE 

DEPOSITS. 

The rocks adjacent to the Mesabi iron-bearing deposits are ferruginous 
cherts, more particularly the altered varieties, ferruginous slates, paint 
rocks, and even unaltered slates. In abundance the rocks stand in the 
order named. In one mine, the Hale, the north wall of the ore deposit is 
a micaceous phase of the Pokegama quartzite associated with a schistose 
Archean basalt The north wall of the Biwabik mine also may be quartzite, 
although exploitation has not yet shown this. The conditions in these two 
mines are exceptional. 

STItrtTl'KAL RELATIONS OF THE ORES TO THE AIMACKYT ROCKS. 

The shape of the ore deposits and the attitude of their layers cau be 
easily made out from the mining and exploration work done on them. Hut 
it is difficult to make positive statements as to the structural relations of the 
Mesnbi iron ores to the adjacent rocks for the reason that a very small 
proportion of the deposits of the range have been exploited to a sufficient 
extent to show such relations. Many deposits have not been opened up at 
all, and the preliminary exploration does not reveal information of this sort. 
In the underground mining the drifts reach the wall rock in too few places 
to warrant general statements as to the structure. Most of the open cuts 
also have as yet either not reached the wall rock nt all or have reached 
it only on one side. Assembling all the data available concerning the 
relations of the ore to the wall rock, the following general statements seem 
to be warranted: 

(1) In a few mines, as for instance the Oliver, the layers of rock 
adjacent to the ore have such attitudes as to show the ore to lie near the 
axis of a gently pitching trough formed by the folding of the rock layers. 

The ore dejKisits of this class have relations, which are expressed in 
fig. 9. On each side the wall rocks dip in toward the ore deposit Tho 
upi>cr layers abut against the ore deposit. The lower layers form a gentle 
trough beneath, which usually has many minor undulations. The iron-ore 
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beds themselves an* bowed into a gentle trough more or less complex, with 
slopes similar to those of the rock layers below and at the sides. In other 
words, the layers of the ore deposit and the layers of the rock Uxjriher make 
Hp a gentle syncline, with even slopes. This does not mean that the slopes 
of the bottom of the deposit are gentle and even. Indeed, the surface of 
the contact of the rock and ore is exceedingly irregular, as already noted, 
and usually terraced, and the dip of the contact surface is usually steeper 
than the clip of the strata. In other words, the bottom of the deposit 
forms a trough with much more irregular bottom and much steeper slopes 
at the sides than the trough formed by the bowing of the strata of the iron 
formation and ore deposit together. 




no. 9.-M«l <T-~. wtlmi "f » MtnoM "n> <ie|<o»!t showing relation. In frrTUKinntw rhcrl and latptTTtBOl «lat<- lajrrn. 



The longer directions of the ore deposit in such cases are usually 
parallel to the axis of the trough. 

(2) The rock layers about other ore deposits form pitching troughs, 
but the folding is so slight that the pitch is far more conspicuous than the 
dip of the limbs, and in this case the rock layers on all sides of the deposit 
have essentially a monoclinal attitude. The longer direction of the dej»osit 
maybe either parallel or transverse to the monoclinal pitch, but it is usually 
transverse. The Canton, Hiwabik (PI. XXXII), Cincinnati, and Sauntry 
(Pl. XXXI) mines are instances of this. 

(3) About still other deposits the rock layers show no traces of 
synclinal flexure, and the dip is essentially monoclinal with minor 
variations in degree. It is not unlikely in some cases that the layers, 
while essentially monoclinal, are even slightly liowcd into anticlines. The 
deposit in this case lies on the limb of one of the gentle folds into which 
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tho iron formation is flexed, cither the (.neat major fold or one of the minor 
cross folds -riving- tho gentle tilting of the iron formation to the south. 
Instances of such relations appear at Hale (PI. XXXIII), Kanawha, and 
Sparta mines. The longer direction of the deposit is nearly always 
transverse to the pitch. 

A generalized cross section of a Mcsabi ore deposit parallel to tho 
pitch of the fold or parallel to the dip of the monoclinal rock strata is shown 
in fig. 10. 

In general it is likelv that more of the ore is to he found in structural 
synolines in the iron formation than elsewhere, but this may not be in all 
cases apparent in the attitude of the layers immediately adjacent to the 
ore deposit, for the ore deposit may fill only a very small portion of a broad 
and gentle syncline, or be oue of several deposits in such a syncline, and 
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the minor structure of the iron-formation layers immediately adjacent to 
the ores may give no evidence of the existence of the major syncline in the 
iron-formation layers. These structural relations are explained in connec- 
tion with the discussion of the origin of the ores, where it is shown that the 
ores have been concentrated through the agency of underground waters 
working their way through a gently folded and much fractured formation, 
in which the major flow of water has been directed by the broad gentle 
synclines in the iron formation, but in w hich the cross fractures have locally 
concentrated the circulation and given it most capricious turns. 

The structural relations of the ore to the wall rock at the immediate 
contact in the above cases may be any of the following: 

(1) The layers of the wall rock may grade into the layers of the ore 
without change of dip. (I'l. XX, fig. Ji.) This is likelv to be observed at 
the contact of the ore with horses of rock or islands of rock within the ore. 
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(2) The layers of the wall rock may grade into the layers of the ore, 
ami at the contact there is a sharp downward deflection of the ore layers. 
(PL XX, fig. A.) The layers of the ore may 1h> almost perpendicular, and 
dips of 45° are common. Within a few feet, or at least a few yards, the 
layers of the ore deposit take on their usual gentle dip. 

(3) Acconqwinying the downward flexure of the ore layers there may 
be jointing, faulting, or brecciation. Where the flexures of the layers 
pass into fractures, the displacement is usually small, a few inches or at 
most a few feet. In certain mines the displacement between the ore and 
the wall rock may have been greater, although decisive evidence is 
lacking The steep walls to be seen in some deposits, as, for instance, 
the Oliver, Klba, and Canton, have sometimes been taken as evidence of 
extensive faulting. While the walls ore steep as compared with the 
average of the wall-rock sloj>es on the range, in detail they are terraced, 
some of the terraces running out 20 feet or more. It is apparent that 
there has not been any great displacement parallel to the wall, for the ter- 
races would have required a tremendous local disturbance of the ore close 
to the contact during the movement, and this does not ap]>ear. North of 
the lMwabik mine in the NW. } of N'W. J sec. 2. T. 5* X., R. 16 W.. 
a pit has been sunk 70 feet in ore just 60 feet south of a pit showing 
Pokegama quartzite. If the quartzite passes under the ore, it must do 
so with a flip of over 4Jj°, a dip much greater than the average in 
the Upper Huronian, although such dips are indeed to be observed. 
The quartzite is much broken up and disintegrated here, and it is not 
impossible that we have here a fault with a considerable displacement. 
At the Hale and Kanawha mines the open cuts show the north wall to 
be the green rock of the Archean, with thin films of micaceous Pokegama 
quartzite and iron formation adhering to it. The vertical and lateral dimen- 
sions of the deposit parallel to the wall arc greater than that normal to it, 
and the dip of the iron formation and ore strata is steep, being in some 
places as high as 60' to the south. (See PL XXXIII.) The attitude 
and steep dip of the deposit are in accord with the idea that it has been 
developed in a plane of weakness along the contact at the Archean and 
Upper Huronian, where there has been considerable movement, but there 
is no direct evidence of this. 
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VIEWS OK T1IK COSTAIT of OH E WITH WALL ROCK IN THE HIWAH1K AMI MOUNTAIN 

IKOX MINE*. 

Fin. .1.— Thi* view is taken from the west end of the Biwnbik mine. The strata on the left side 
of the picture are ferruginous chert, ami those on the right side are ore. The fairly sharp downward 
bend of the strata from left to right near the center of the field is at the contact of the ore and 
icrruginous ehert. The layers of the ferruginous ehert are, for (he mart part, directly <-ontinuous 
with. und grade into, the layer* of ore, the gradation being accomplished within a few feet. The 
flexure at the contact is due to the slumping down of the ore layer*, which is caused hy abstraction 
of silica in solution, as explained on pace W.'. This is a characteristic feature at the contact of the 
ore and wall rock in 1111*4 deposits on the range. 

Ftu. It. — This view allows a contact of the ore and the ferruginous chert forming the wall rock in 
the south railway approach of the Mountain Iron mine. The upper strata, appearing lighter colored 
and more coarsely liedded than the lower, are ferruginous chert; the lower tinc-hcdded strata are iron 
ore. The rock form* a thin shelf projecting over and into the ore deposit at this point. The layers 
of ore at the south end of the mine grade directly without any diaturliance into layer* of ferruginous 
chert forming the wall rock; the layer* of ore ami rock are strictly parallel. Near the contact they 
become interleaved, layers of ore extending well into the wall rock, and, vice vena, Layers of wall 
rock extending wel into the ore. 




u. t oetxoo*c*L »i*»tv 
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Virginia slate. The equivalence of the paint rock and slate is indicated by 
the actual transition to he observed at a nnnilier of eases, and also by their 
structural relations. The sninj) of the pump shaft of the IVuohscot mine is 
bottomed in slate under 298 feet of ferruginous chert. At the bottom of 
the adjacent ore deposit at the same horizon is a zone of paint rock. In the 
lhwabik mine there is a capping of paint rock. Kast and west along the 
strike of the paint rock there is found black slate. Also a well driven in 
the paint rock and ore 6()0 feel south of the southernmost pit pierces typical 
black slate at a depth which ought to show paint rock if the paint rock 
continues southward with approximately the dip it shows in the mine. 

At the bottom of the deposit the ore is usually in sharp contact with 
ferruginous chert, with practically no gradation, but paint rock is also fre- 
quently found immediately underlying the ore. This may be in single 
thin warns a fraction of an inch or several inches in thickness, or may be in 
several thin layers interleaved with the ore in a zone several feet thick. 
Heneath the paint rock, and to a certain extent mixed in with it, is some 
variety of ferruginous chert or ferruginous slate, principally the former. 
Toward the sides of the channels the paint rock between the ore and the 
ferruginous chert becomes less abundant or altogether disappears, and the 
ore rests directly upon the ferruginous chert. Attention has been called to 
the fact that the sides of the trough are in a series of steps. On these steps 
there is seldom any paint rock separating the ferruginous chert from 
the ore. 

drainage. 

Ik-cause of the bedded and jointed structure of the ore deposits water 
is able to pass through them freely. Water probably flows along the beds 
more freely than across them, for the bedding partings present more 
continuous openings than the joints, which in the ore deposits are irregular 
and discontinuous, ami frequently cut off by soft impervious layers, which 
have yielded to deformation by bending rather than by jointing, nnd, 
moreover, certain layers — for instance, limonite layers — are themselves vcry 
porous. Locally, however, the flowagc along joints is dominant. 

The ore deposits are at present in part above water level and in part 
below. On the upper slop's the deposits an* largely above water level, on 
the lower slopes below water level, although there are many exceptions to 
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both. Thus it is that certain mines are comparatively dry throughout the 
year while others are permanently wet. A frond instance of this appears at 
Virginia, where the Columbia mine on low ground receives a vast quantity 
of water while the mines on high ground adjacent are comparatively dry. 
The pumping of viist quantities of water from mines below the level of 
ground water has materially reduced the general level of ground wnter in 
this and adjacent areas. The Penobscot mine, for instance, discharges in 
the neighborhood of 5,0<>0 gallons per minute, and thereby drains the 
mines to the north and west. The cessation of pumping at the Penobscot 
mine would immediately raise the level of ground water in the adjacent 
mines were pumping not begun in them. At the Biwabik mine the 
level has been lowered from 75 feet below the surface to 150 feet la-low 
the surface. Pelow tin- level of ground water the amount of water to 
be handled in the deposits varies with the depth below the level because 
of the increased head and increased contributing area in the shafts. 
Many mines show increased How toward the bottom, llefore any artificial 
openings were driven into the ore deposits the flowage along the bottom 
may not have been any greater than, if indeed so great, as in upper portions, 
as shown by fig. 11, descrilx-d in Chapter IX. The outlet for the water 
was then at a higher level, near the surface of the formation. 

Above the level of ground water the ore contains water, but is not 
saturated. In this zone the amount of water in the ore increases from the 
top down. In the Mountain Iron mine the amount of hygroscopic moisture 
in the on* is said by A. T. Gordon, chemist in the mine, to vary from 6 per 
cent in the upper part of the deposit to 15 per cent in the lower part. 
During periods of great precipitation the amount of water in the deposits 
al>ove the level of ground water is increased and at such times also the 
level of ground water is raised. Where mine openings have been made 
above the level of ground water the amount of water contributed to the 
. o|>enings during such periods is of course increased. 

Many dejio.sits in the range, though not all by any means, lie under 
surface depressions or surface drainage channels, due to development in 
original rock synclines, as shown on a subsequent page, or to gouging out 
by erosion to a greater extent than the adjacent harder rocks. Glacial 
drift has tended to obscure thes*. rock depressions, and does so completely 
in man)- places. Where open cuts have been made in deposits under- 
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lying such drainage basins great precautions have to be taken to guard 
again* flooding from this surface drainage. In 1900 the Mouutain Iron opeu 
cut, which bv pumping is ordinarily kept above the level of ground water, 
received 70,000,000 gallons of water in a few hours. At the same time the 
Fayal mine fared nearly as badly. The extensive drainage ditches to l>e 
seen about the open pits testify to the tendency for increased flow at such 
times. 
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CHAPTER IX. 

ORIGIN OF TIIK DION ORES. 

OKXKKATj statement. 

The iron ores have come chiefly from the alteration of rocks made up 
of minute granules of green hydrated ferrous silicate, which we have called 
greenalite (see pp. 101-115 and Pis. VID, IX, and XDI). A small pail of 
the ore has resulted from the alteration of siderite. The proof of the 
development of the ores from greenalite is, briefly, as follows: 

1. All stages of the alteration from the fresh greenalite granules to the 
other phases of the iron formation, including the ores, are to he observed. 

2. Much of the ore and associated rocks show traces of the greenalite 
granules. The granules may be represented by iron oxide, by chert, by 
actinolite or griiiierite, by unaltered greenalite, by any combination of these 
substances, or by any gradation phase between them. 

3. Greenalite is one of the less stable of the iron-formation materials, 
and its alterations to the other phases of the iron formation would be chem- 
ically characteristic of conditions under which the iron formation has 
existed during the concentration of the ore. The reverse change would 
not be probable under such conditions. Greenalite is found in parts of the 
iron formation which have suffered the least alteration; i. e., in association 
with slate layers in the iron formation or just below the Virginia slate. 

The proof of the development of a small portion of the ore from sid- 
erite is, briefly, as follows: Associated with the greenalite and slaty layers 
in the least-altered portions of the iron formation are thin layers of iron 
carbonate, some of which, from interlamination with the easily soluble 
greenalite, probably is original and not the product of alteration of green- 
alite. Near Birch Lake undoubted tine-handed original carbonate is 
found. If iron carbonate is now found in the unaltered portions of the 
iron formation, it must have originally occurred in the more altered 
jMjrtions. Its alteration to the other phases of the iron formation now 
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observed would be chemically characteristic of the conditions under which 
the iron formation has existed. Certain of the finely banded ores — as, for 
instance, some of those at the Mountain Iron mine — may have thus resulted, 
although there is no evidence in the ores themselves, aside from their fine 
banding, suggestive of development from banded carbonate. The fact that 
the ores of the Peuokee-Gogebic range have been proved mainly to 
develop from iron carbonate further suggests the probability of such a 
change having occurred. 

The development of the irou ores from greenalite has consisted in the 
breaking up of the greenalite into its constituents — mainly protoxide of iron 
(FeO), silica (SiO,), water (HjO) — the partial or complete oxidation and 
hydration of the protoxide of irou, and the abstraction of the silica, probably 
much of it as colloidal silicic acid (H 4 SiO«), in solution. Where the original 
rock was siderite the development of the ores occurred in a similar way. 
It consisted in the breaking up of the siderite into ferrous iron and carbon 
dioxide, the partial or complete oxidation and hydration of the protoxide 
of iron, and the abstraction of carbon dioxide as carbonic acid in solution. 

Where the oxidation has been complete, the sesquioxides have devel- 
oped; these are usually somewhat hydrated. Where the oxidation has 
been partial, magnetite has develojie<L 

The derivation of the iron ores from greenalite and siderite has been 
brought about through the agency of surface weathering and of waters 
percolating through the formation both above and below the level of 
ground water. This is shown by the nature of the chemical changes which 
the ore and associated rocks of the iron formation give evidence of having 
undergone, by the fact that the silica and iron have been transported and 
rearranged and the silica largely abstracted from what are now the ore 
bodies, by the frequent occurrence of the ore in nodules and in stalactitic 
forms iu cavities, by the occurrence of the ore in underground drainage 
channels in the iron formation, and finally by the fact that water may now 
be observed coursing through the formation bearing mineral constituents 
indicative of such changes. 

Tin- greenalite rock itself is a sedimentary oceanic deposit, as shown by 
its bedded character and its interstratificatiou and conformity with ordinary 
slate and quartzite. Its development is believed to be both by chemical 
and organic processes. 
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The above general outline of the genesis of the iron-ore deposits is 
filled in below. The development will be described in the order of sequence 
of events, mid the first subject to be considered in detail is naturally the 
origin of the greenalite granules. 

ORIOIN OK THE <i KEEN A LITE GKANTLKS. 
GREENALITE A SEDIMENTARY DEP08IT. 

The rocks containing greenalite grade into quartzite below, into slate 
above, into slate laterally, and contain interstratified slate layers. They 
show bedding which is strictly conformable to that of the associated sedi- 
mentary rocks. There is therefore no question that the greenalite of the 
iron formation is a sedimentary deposit. The occurrence of greenalite or 
its altered equivalents between quartzite and slate would indicate the con- 
ditions of its deposition to be somewhat intermediate between those favor- 
able to sand deposition and those favorable to mud deposition. 

SIMILARITY OF GREENALITE TO GLAUCON1TE. 

Spurr, in his work on the Mesabi range in 1 894/ noted the similarity 
of the greenalite grannies here described with glauconite, a green silicate of 
iron and potassium, found in formations of the most various ages and 
brought up in dredging operations from the sea bottom near the edge of 
the continental shelf, where it occurs in all stages of development by depo- 
sition in the interiors of foraminifera and other organisms, and possibly in 
small part developed as entooliths and concretions independently of organ- 
isms. In color, size, shape, and optical properties the two substances are 
almost identical, but in other respects they differ. 

.Murray and -Henard, who have investigated modern glauconite depos- 
its through the dredging* of the CluiUemjer expedition, emphasize the char- 
acteristic accompaniments of glauconite. "Glauconite is almost always 
accompanied by quartz, orthoclase (often kaolinized), white mica, plagio- 
clase, hornblende, magnetite, garnet, epidote, tourmaline, zircon, and frag- 
ments of ancient rocks, such as gneiss, mica-schists, chlorite rocks, granite, 
diabase, etc. In addition to these minerals, there seems always to In- 
associated with glauconite, in modern deposits, a considerable quantity of 
organic matter, often apparently of a vegetable nature. The glauconitic 

Nat. Ili«t Survey Minm*c)U. liull. No. 10. 
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grains frequently contain traces of phosphate <>f lime and make up a con- 
siderable part of some phosphatic nodules, so that phosphate of lime may 
l>e said to l>e one of its constant accompaniments.*"* No trace of these sub- 
stances remains in the greenalito deposits under discussion. In thickness of 
the deposits the glauconite and greenalite deposits differ. The former are 
nowhere found unmixed with foreign material with a thickness exceeding 
35 feet, while the greenalite granules in the Mesa hi district have made up 
a deposit with a thickness of 1,000 feet or more, with only thin layers 
a!' mud. 

lu the fundamental property of composition they are dissimilar. Spun* 
himself noted this dissimilarity in composition, but in view of the wide 
variety in composition of glauconite, and the similarity in physical prop- 
erties, concluded that the material was glauconite. A number of analyses of 
so-called glauconite or greensand are given below. Some of them are not 
reliable, but it is scarcely possible to make a satisfactory separation of the 
good and bad without details as to methods. 

A no I i/m-h of tjhimimitr. 
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liiw-nKBivI. from HinU-hi li, iK-lmt-n Vnua »n>\ Wcrl. IXn lnm. Xnt.-liiKt. Ver. H"tni, 1855, 
V.il. XII, |>. 176. 

( im'i)*aiiil. froin Durtmuml in the iliixt-tion nf Witten. Marck, il>i<l., p. 206. 

Ilimlliu hi-r Muuntnin. nwir Knynutli. HaiiE>hol<T. Juurtt. pr. Cbeui.. 1866, Vol. XCV11, p. :i5;i. 

S.nc. mar Kntiun ti in Oln-rfrankfti. Itiiil. 

Ortcnlmrv, in-nr l'iu*an. Il>i«l- 

U.-liiitf ut Cliani, in tht> OlHrptah. Ibid. 

Klwniiahcr. Ihiil. 

IttrioliillKUcrn. It>id. 

Kr.wiiN-tx. lltiil. 

IiincI *ioi/.<>. Hnenl»T(rer, Tm Ihtiii. Mitth., 18S7. p. 271. 

Havre. HaiKlmfer, Juimi. pr. Ch.-in.. 18/i7, V..1. ( II. p. 36 

Vitlcrc wir Mvr, U'-p. C'alvailiw. l'l«ui)i. Cluim-aux Min., 186-.', p. 542. 

XIV. Antwerp. lH'»al<|iK', Siw. tr»'«.l. IMci.piv, 187J. V..I. II, p. », 
Afliitnivi', in-ar Kltriu. in Soitlaml. K. lit <MI«», Tian^. Hi.y. S.w. K/linli.. 1879, Vol. XXIX, p. TP. 
Wan.l of Orleaiw, i{iu>(mt. Hunt. <;.'•.!. of t an., 1863. p. 487. 
K.-.1 Hir.l. M.». Il>i.l. 

<;«> H<-a«l. Mil««»i Inwtti". S». I. D«t»a. IlitcliinxkN ti. R. M*x>.. 1841, p, 93. 
Cwiilcy i. pitx. at Wixulxtown, X. J. Ki^re, <«>ol. Kept. X. .1., p. 201-204. 
N ullt,.«ii, X. .1. llii.l. 

mox xuii-03 lti 
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XXI. Polk Hill, Burlington County, N. Y. Ibid. 

XXII. NY* Jer^y, ...nth^t of Philadelphia. KWwr, Aiu. Joiim. Sei.. 1850. Vol. IX. p. 83. 

XXIII. Coal Bluff, Alabama. Mallet, Am. Joum. Sri., 1857, Vol. XXIII, p. 181. 

XXIV. Gainesville, Ala. Ibid. 

XXV. Svir K, Ruwia. A. Kupffer, J. B. Cli.. 1307. 1H70. 

XXVI. Onlika, Ru*m. Ibid. 

XXVII. (Jrodm. Valley, Kuwia. Ibi.l. 

XXVIII. Atrulhan Bank. UumM, Ber. Ak. Mum-Ion. lSStl. 

XXIX. French Creek, Pennsylvania. Kuerr urid Sihoenfeld, Am. Cli. J., Vol. VI, 1884. 
p. 412. 

XXX-XXXIII. Challenger dredging, lat. 34° 13' S., long. 151" 3S' K., 410 fathoms. 

XXXIV. ChallenifiT dredging, lat. 11° 38' 15* S., long. 143" 50/ 38* K.. 155 fathom*. 

XXXV. Pmli, Couv. Saratov*. K. Ulinkn, Zeit*chr. lur Kryrt.. Vol. XXX, ItW, p. 3»1. 

XXXVI. X«*onovo, tiouv. Smolensk. Il.i.l. 

XXXVII. t'ral. Ibid. 

XXXVIII. Traktemiroff, liouv. Kiew. Il>i<l. 

XXXIX. TWhernofrkoje. tiouv. Niwhtii-Novgorod. Ibid. 

XU Kamwo, Goo v. Kaluga. Ibiil. 

XIA. The eaino. another portion. Ibi<l. 

XI.II. Komilaixiwo, (iouv. N'iwhni-NovKoro.1. Ibid. 

XI.IU. The Maine, another |»rt inn. Ibid. 

XUV. LMriawin Kntland. Ibid. 

It is apparent from the above analyses that so-called "glauconite" has 
a very indefinite and variable composition. In inineralogic text-books and 
in the work of Murray and Renard on modern glauconite deposits the 
substance is described as "}>robably a mixture'' Indeed, the variation in 
composition is so marked as to lend one to suspect that substances of dif- 
ferent origin have Wen included under this term. The main variation is 
in the iron. In most of the samples the iron is largely in the ferric form, 
and in the analyses of typical glauconite grains collected by the Challenger 
expedition this is true in each case. Indeed, Sir John Murray, after sum- 
marizing the results of their work, makes the statement that "the glauconite 
now forming on the bottom of the sea is, like the glauconite of geological 
formations, a hydrous silicate of jmtash and of ferric oxide, containing always 
variable quantities of alumina, ferrous oxide, magnesia, and often lime." 
Yet in analyses of so-called glauconites from various geologic formations 
the ferrous iron is great lv in excess of the ferric iron. 

Comparing the analyses of glauconite al>ove listed with those of the 
green granules of the Mesabi iron formation, the following difference* 
appear: 

The amount of alumina in glauconite averages 9 per cent in the above 
table, while less than 1 per cent is found in the greenalite rocks, and this 
doubtfully belongs with the greenalite. 
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The ferric iron in all of the best analyses of glauconite is in greater 
jiercentage than the ferrous iron. In the green granules from the Mesabi 
district ferric iron is nearly if not quite absent. The percentage of metallic 
iron in glaucouite is on an average lower than that of the green granules 
of the Mesabi district. 

Glaucouite contains a small percentage of soda. In the Mesabi 
granules soda is entirely lacking. 

Glaucouite coutains from 3 to 13 per cent of potassa, and, indeed, in 
descriptions of glaucouite in standard text-books the content of potassa is 
noted as a characteristic of it. In the green granules from the Mesabi 
district potassa is entirely lacking, and the granules are so fresh and 
unaltered as to preclude the idea that this sulwtance was originally present 
and has been removed. 

I'rof. F. W. Clarke, chief chemist of the United States Geological 
Survey, under whose direction the chemical work on the Mesabi green 
granules was done, kindly makes for publication here the following state- 
ment concerning the chemical differences between glaucouite and greenalite 

THE COMPOSITION OF OLAUCONITE AND OREENALITE. 

By F. W. Ci. oikr. f *;<Y Chtmitl. 

"A scrutiny of the table of analyses of glaucouite compiled by Mr. Leith 
reveals at tirst sight, a hopeless discordance of data. This is due to the fact 
that glaucouite, a* actually observed and analyzed, is never pure and defi- 
nite, but contains a variety of undetermined substances commingled with 
the true glaucouite silicate. Some of the analyses, moreover, are old and 
obsolete, and evidently made without the precautions which are now recog- 
nized to be essential. Iron, for instance, is often all recorded as ferrous, no 
determination of the fact having been made. The figures for "water" often 
represent only loss on ignition, a method of estimation of notoriously falla- 
cious character. In order to discuss the composition of glaucouite the 
analyses must be carefully sifted and criticised, for much of the published 
material is entirely worthless. 

"The recent series of glaucouite analyses by Glinka,* made upon wim- 
ples from various Russian localities, is of great value, for the reason that 
the glaucouite grains were carefully separated from admixed impurities by 

"ZeiUchr. Kryrt. ... Mil... Vol. XXX. p. MHO. 
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means of Thoulet's solution, and the fipira indicate that the work was 
done with care. Tin* analyses are ten in number, and the five best, XXXV- 
XXXVIII, XLIV, in the table on page 241, made upon material dried at 
100°, are as follow*: 

A VIlttJK,* I' f Ijlll Itl'OH itr. 



.\U>,. 

Ke,t»,. 
K.><> . . 
UO.. 
MiK) 
K.O.. 

H.O.. 
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K/).. 
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wing molecular ratios can be derived: 


I XXXV. 


XXXVI. 


xxxvii. 


XXXVIII 


X1.IV 


0. 818 


0. 848 


0. 825 


0. $5»l 


0. ss.i 


.218 


.218 


. IS2 


.214 


. 210 


. ma 


. 114 


. 185 


. I3S 


. m 


117 


. Itll 


. \M 


. 087 




1 


. 2*7 


.27, 


. 324 


. 273 



"Since RO antl R,0 vary reciprocally. replacing each other, these 
factors may all be reduced to the general equivalent of R\ giving the 
subjoined empirical formula': 



XXXV H'U' 



278 a-). 



X X X VI »<!• 

XXXVII K' : . t .K"V. s »-i-. < 278 »|. 

XXXVIII H'i..li'" l: v v io» ,, :^ ; 324 1*1. 

XXXIX RV«'".A. ( W 273 «., 

"If we neglect the water as extraneous — that is, as • zeolitic ' or 
crystalline — and therefore not a part of the silicate molecule, these figures 
give quite closely the general formula 

R'R"'Si,0 8 ,+nq., 

in which R' is mainly K, R'" is mainly Ke. and with the usual replacements 
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of rhese radicals by others, as shown in the analyses. That is, glauconite, 
m its purest forms, must be regarded as a metasilicate, approximating more 
or less closely to the typical coui|>ound 

KKe'"Si s O,+a»i.. 

which, however, like many other silicate molecules, has not yet been found 
in a state of purity. Such a compound would easily lose alkali and take 
up water, yielding, as Glinka observe*, a ferruginous clay as its final 
product of alteration. Many of the observed variations in the composition 
of glauconite are due to partial alteration of this very obvious kind. The 
other variations represent the replacement of the iron salt by its aluminic 
equivalent and of the potassium salt by corresponding compounds of 
sodium, magnesium, and ferrous iron. 

"In the case of the mineral described by Mr. Leith, to which he has 
given the name of 1 greenalite,' the evidence is less complete. The sub- 
stance is so intimately commingled with chert that it can not be isolated 
by ordinary physical means, and its composition, therefore, is only to be 
determined from that of the soluble portion of the mixture. This portion, 
according to the three latest analyses made by Mr. Steiger, representing the 
most carefully choseu material, has the composition given below." The 
summation gives the total amount of mineral decomposed by hydrochloric 
acid in H>0 per cent of the rock. Hygroscopic water is rejected. 
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F.o.. 
M«o . 
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II.o.. 
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w. :»> 


:«.n 


. 37 
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15.110 


I3.H3 


«. 44 
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17...7 


30. W3 


it 


:j. •£! 


j».ss 
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Noii.-. 
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4. i; 


:». 74 


a. is 












kl». r,2 


47. VI 


tiO. L'7 



'' l'rofcwor t'lttrke'w ili^'iiwioi) wan written without an o|ipurtiiiiily to >\uinine *liile* of tin- rockn 
analyzed, ami hence no account taken of I ho rock alteration*. However, thi» alteration* arc flight 
aii'l in no way invalidate I'rofcwor Clarke' k main conclusion that the "ulietaJiec of the .Me*whi (rreen 
nraimle» ix different from tflaucotiitc. Indeed, were the alteration* taken into account, and especially 
the alteration to ferric oxide, the ha-i* for hi* conclusion would he *t ronct hciied . < >ti ]>|>. 10K-1 |."> the 
writer has di-ciiwd the analywn with reference to the alteration*.— ( '. K. L. 



Digitized by Google 



THE MESABI IROX-BEARIXG DISTRICT. 



"To compare these data they must bo reduced to corresponding terms. 
Accordingly, alumina has been recalculated into its equivalent of ferric 
iron, magnesia and lime into ferrous iron, and in the first example the 
carbon dioxide has been deducted, with its corresponding amount of 
monoxide bases. Then, recalculating to 100 per cent, we have the following 
figures to represent the composition of the soluble mineral: 





vcv. 






K«t|.. 




Comi*»i- 

ti.m. 
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9.35 


.r,it> 


fl.07 


.503 


7.04 


.301 


Total 


100.00 




100.00 




100.00 














"Altliough these ratios are not concordant, they still show something 
radically different from glauconite. If we restate them in the shape of 
empirical formula-, we have- 
So. 4575S Fe"„,Fe"' u ,Si wl O ! „„. 519 H t <> 

X... 45705 Fe" lM l-V" fN Si«.<W am H.o 

So. 457*J Fe^F*"',, .«WW 'Ml H,< ) 

"The first two of these expressions give (piite sharply the orthosilicate 
ratio. The third represents a lower stage of oxidation, but something 
which is still far too high for a metasilicate. In the second case the com- 
position approximates to the simple formula, 

Fe'" s K,." s (SiO,) J . 3 H,0, 

in which the ratios are those of a hydrated ferroso-ferric garnet. In the 
last of the three analyses the ferric oxide is very low and the ferrous oxide 
verv high, which suggests the possibility that the original mineral mav 
have been wholly ferrous, and that it has undergone partial oxidation in 
the other samples. The ratios KeO:SiC) 2 is here 1 :1. indicating a possible 
hydrated FeSiO, as the normal substance. 

"The c.oui]>osition of greenalite, then, is uncertain. It may be a ferrous 
metasilicate, or it may bo a ferroso-ferric orthosilimtc. In either case the 
mineral differs fundamentally from glauconite, a potassium ferric metasili- 
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cate, and can not be united with the latter species. Similarity, or even 
identity, of appearance under the microscope can not, in substance** of this 
kind, offset the evidence of the ratios." 

K. W. Clakke. 

Spurr's argumont that the green granules of the Mesabi district are 
glauconite is based mainly on their similarity to glauconite in color and in 
shape, and on the fact that substances of a great variety of composition have 
been called glauconite by mineralogists, making it allowable for him to use 
the term for a somewhat exceptional phase in the Mesabi district. It 
is shown above that the green granules of the Mesabi differ from 
glauconite de|M>sit« in their association, in their thickness, and in several 
features of their composition. It is further shown that while no decisive 
proof of a definite chemical composition of the substance of the green 
granules in the Mesabi district ha» been brought forward, the facts are 
such as to indicate a distinct possibility that the green granules of the 
Mesabi have a definite and uniform chemical composition. While all 
these differences are thought to lie more or less significant, the most sig- 
nificant difference between the green granules of the Mesabi district and 
glauconite granules is taken to be the entire absence of potash in the former. 
There seems to be the fullest authority for the statement that potash is an 
essential constituent of glauconite. If potash is an essential constituent 
of glauconite, then its absence is sufficient warrant for the conclusion 
that the substance of the green granules of the Mesabi district, whatever 
its origin, is not glauconite. As the substance eorrcs|x»nds to no other 
known mineral species and since a name is necessary to facilitate discussion 
of the substance, the name greenallh has been c oined, as noted on a preced- 
ing page. If mineralogists and chemists, in view of the differences between 
the two substances al>ove described, still think it desirable to stretch the 
term "glauconite"' to cover the substance under discussion, it is suggested 
that the name "greenalite" may be retained as a varietal name under 
"glauconite." 

EXPLANATION OF THE OCCURRENCE OF GREENALITE IN GRANULES. 

The green granules of the iron-bearing rocks have l>een shown not to 
be glauconite, but to be a substance with a different composition which has 
been called greenalite: but the occurrence of greenalite in granules has 
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not been explained. Are the granules normal concretions with radial and 
concentric structures about foreign nuclei, or are they concretionary or 
amorphous growths about, within, or replacing miuute organisms, and thus 
directly analogous to glauconite f 

1 None of the fresh green greenalite granules show any traces what- 
ever of radial or concentric structure or of any foreign nucleus which is 
characteristic of concretionary or oolitic structures. Where altered in a 
few cases the iron oxide and chert or the different kinds of iron oxide have 
a rough concentric arrangement which may indicate that the original 
material possessed a concretionary structure, but which more probably has 
been developed secondarily and quite independent of the original structure 
of the granule A few undoubted concretious consisting of concentric layers 
of iron oxide and chert alwmt a nucleus of quartz are to be observed 
(PI. XIII, fig. D). A concretion of this kind may be distinguished at a 
glance from the greenalite granules or their derivatives, even when the 
latter have rough concentric arrangement, as may be seen by comparison 
of the figures of PI. XIII. These concretions are identical in shape with 
those described and figured by Van Hise as characteristic of the Penokcc- 
Gogebic iron-bearing formation, in which they have developed from the 
alteration of iron carbonate.'' (See PI. XVI, fig. J.) There is carbonate 
associated with greenalite in the Mesabi district, and it is not impossible 
that the Mesabi concretions may have developed from carbonate, although 
no direct evidence of this has been observed. The true concretions of 
the Mesabi district also find their counterpart in concretions in the widely 
distributed Clinton iron ores, in which thev probably developed at the 
time of the deposition of the ore. They are similar in form also, though 
not in substance, to the bavalite, chamosite. aud berthierine of European 
ores. 1 Whatever the origin of the concretions in the Mesabi district, it is 
clear that they are quite independent of aud subordinate to the greenalite 
granules, lacking evidence of radial or concentric structures or nuclei 
characteristic of true concretions. 

•J. The similarity of the granules of the Mesabi iron formation in 
general aspect to glauconite grains and to certain organic granules of the 
Clinton ores brings to mind very strongly the possibility that the shapes of 
the Mesabi granules may be determined by similar conditions. While 

"Moti. 1. S. S.irv.y Vol. XIX. lsl<2. ''Sw Ij. n.ix, Mim-ml- of Krnn.v, |.. HM. 
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PLATE XXI. 

rHOTOMICROOKArHW OF tiRAMI.ES AM) CONCRETIONARY STIU ITt llES IN CLINTON 

IRON ORES. 

Flo. .1. — Grannies in Clinton iron ore From lower bed Sand Mountain. New England City, 
Loaned liy ('. H. Smyth, jr. Without nnalytcr, x +0. Granule* of black and dark-brown hydrated 
hematite stand in a matrix of ealcite. The latter ureas witliin the «ranukn are also .-alrite. Traces of 
organic shells in these slides are abundant. The uranule a little to the ripht of the .-enter show- this 
t*|Hi-iftlly well. There can lie n» doubt m to the fact that the granule* an- for the most jiart replace- 
ments and accretions aliout shells and (articles of shell*. It is a]i|«reiit also thut there U a marked 
tendency for the granule* to take on rounded ami oval forms nvurd less of the KhajK- of the original 
IMj-tk-lif of shell. Note the remarkable similarity of then' granule!) ill shape to the prccnalitc granules 
illustrated in I'l. XIII. 

Fio. U. — Green oolites in Clinton ore. From Clinton, X. Y. 1/ianed by C. H. Smyth, jr. 
With analyzer, x 40. Concentric layer* of chloritic and siliceous substance, of various shades of green 
anil yellow, surround linen lur, Kubangular, ami rounded grains of quartz. The concentric greenish 
and yellowish bands under crossed nicoU show black crosses characteristic of concretionary structures. 
The matrix is mainly calcite, but there are present also small (articles of quartz. 
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the greenalite is different in composition from glaueonitc, it might still he 
developed in much the same way. The close resemblance to glauconite 
grains in shape and physical properties other than specific gravity has 
already been noted. Noting the remarkable similarity in external shape 
between the Mesabi granules and granules of the Clinton ores of Wisconsin, 
the writer asked Dr. C H. Smyth, jr., of Hamilton College, Clinton, X. Y., 
for slides of the Clinton ores, which occtirr so widely in the eastern portion 
of the United States, and which he had described." 

Professor Smyth kindly furnished the slides requested, and thus enabled 
the following comparison to be made:* In the Clinton ores two kinds of gran- 
ules are numero is: (a) Normal concretions of silica and irou oxide or of 
silica and some greenish substance with a ferrous iron base, the further 
composition of which is unknown, about a nucleus of quartz (Fig. Ii, 
PI. XXI.) These are analagous to the few true concretions ohserved in 
the Mesabi district and to the concretions of the Penokee-Gogebic district, 
(b) Accretions of iron oxide about calcium carbonate shells and partial or 
complete replacements of the shells, in either case without or nearly 
without radial or concentric structures. (Fig. A, PI. XXI.) The size is 
somewhat greater than that of the Mesabi granules. It is noticeable that 
while traces of shells are abundant in the Clinton granules the shapes of the 
granules are not closely dependent upon the shape of the shell or fragment. 
On the contrary there seems to be a uniform tendency for the granules to 
develop with rounded and oval outlines no matter what the form of the 
shells which they replace. The shapes are almost identical witli those of the 
normal greenalite granules of the Mesabi, as a comparison of Pis. IX, XIII, 
XV, and XXI will show. The similarity in shape is as close as between 
greenalite and glauconite. The crescent shapes, the gourd shapes, the 
much elongated ovals, and rods, which are seen associated with the round 
ami oval forms in the Mesabi rocks are all to be seen in the Clinton ores 
The calcium carbonate of the shells in the interior of some of the granules 
of some of the Clinton ores also has a mottled appearance very similar to 
that observed in some of the Mesabi slides figured in PI. XIV, although 

«.\m. J.mr. Sci., *I wri.-*. Vol. XUtl, IHWJ, pp. 4ST-»wi. 

'•In tlii- c he.iii.li a ninarkat.l.- coincidence may In- noted. In a letter of the iwinc date 

Professor Smyth n*ked fur information o.ruvminif tlit> Mrwabi trnuiiilt*. He had kwii n hrief 
preliminary de«-ripti..|i of them, l.y tin- writer, in Science, and ha.l Iwi struck with tin- similarity of 
curtain of their feature* with those of the 1 ontoii niw, with which he was familiar. 
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beyond this there is no evidence that the two are the same. In both the 
Clinton ores and the Mesabi rocks a not uncommon feature is the accretion 
of a considerable numlx-r of granules into somewhat irregular pebble-like 
aggregates which have been waterworn as a whole and deposited parallel 
to the bedding. The Clinton granules differ from the unaltered Mesabi 
granules in that they are either iron oxide entirely or partly iron oxide and 
partly calcite, while the Mesahi granules consist of ferrous silicate when 
fresh and largely of iron oxide and chert when altered. The Clinton ores, 
in their present form, may not be concretions or replacements subsequent 
to their deposition, for they have uniform composition in thin beds over 
great areas, which could not be the case were they subsequently concen- 
trated through underground water or other agencies. They may well be 
compared with the fresh greenalite granules of the Mesabi which also have 
undergone no concentration, rather than with the altered granules. If 
during the deposition of the Clinton ores the numerous minute shells 
hail been surrounded and replaced bv iron silicate instead of iron oxide, 
greenalite granules identical with those in the Mesabi district may have 
resulted. 

It is concluded that the greenalite granules of the Mesabi district, 
while associated with a few typical concretions, are not for the most part 
normal concretions with radial or concentric structures about an inorganic 
nucleus : that from their remarkable similarity in shape to glauconite 
grains which are mainly developed as replacements, secretions, or accretions 
almut minute organisms (although perhaps partly in other ways), and their 
similarity to the accretions about and replacements of shells in the Clinton 
ores, they may owe their shape mainly to similar development either within 
or about or replacing minute organisms of the variety commensurate with 
that now observed both in modern glauconite deposits and in the Clinton 
ores: that the development of greenalite instead of glauconite or iron oxide 
was largely a matter of substances present which were available for 
accretion, secretion, or replacement. However, the absolute absence of 
organic structures, aside from the suggestive similarity in shape to granules 
of known organic origin, must still be kept in mind, and the conclusion 
here given must be regarded as a tentative one, lacking sufficient basis of 
direct observation to render it final. 
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MANNER OF DEPOSITION OF GREEN ALITE. 

It now heroines necessary to determine how a compound like greenalite 
can develop under conditions such as those supposed to have existed in the 
Mesahi area. Two explanations suggest themselves. 

1. DEVELOPMENT SIMILAR TO OLAICONITE. 

The material may have developed in a manner analogous to the develop- 
ment of glaueonite. The manner of the development of glaueonite is not 
hy any means clear. Perhaps the most instructive work on the subject is 
that by Murray and Renard.- Quoting from their report concerning con- 
ditions for the development of glaueonite: 

Where the detritnl matters from rivers are exceedingly abundant and where 
there is apparently a rapid accumulation, glaueonite. though present, is relatively 
rare; on the other band, along high and bold coasts where no rivers enter the sea. 
and where accumulation is apparently less rapid, glaueonite appears in its most 
typical form and greatest abundance. * • * 

♦ »••••• 

With reference to its buthymetrieal distribution, it appears to be most abundant 
about the lower limits of wave, tidal, and current action, or, in other words, in the 
neighborhood of what we have termed the mud-line surrounding continental shores. 
In the shallower depths beyond this line, that is to say. in depths of about 2**0 and 3()0 
fathoms, the typical glauconitic grains are more abundant than in deeper water, but 
glauconitic casts may be met with in dejwsits in depths of over 2.000 fathoms. No 
typical glauconitic sands have, so far as we know, been recorded in process of 
formation in the littoral or sub-littoral zones.* 

Concerning its manner of development they state, tentatively : 

We are therefore inclined to regard glaueonite as having its initial formation in 
the cavities of calcareous organisms, although we have admitted nbovc that some 
grains which might be regarded as glaueonite appear to be highly altered fragments 
of ancient nicks or coating* of this mineral on these rock fragments. It appears 
that the shells are broken by the swelling out or the grow th of the glaueonite. and 
that subseijucntly the isolated cast becomes the center upon which new additions of 
the same substance take place, the grain enlarging and becoming rounded in a more 
or lc*> irregular manner, as in the case of concretionary substances like silica, for 
example, which forms molds of fossils. * • • 

* • * After the death of the organisms their shell" ait slowly filled with the 
fine mud in which they are deposited. The existence of this organic mutter in the*e 
cavities, and the absence of all other cause- which might there induce the deposition 
of the silicates, in fact, the constant association of these phenomena appear to demon- 
strate the existence of a relation of cause and effect. # * * If we admit that 

■»KujK>rt .if thv vi.yaif.' of It. M. S. VhnUengtr. IST.i-lSTS. IVi-p-Mva IV|H«it«. * Lev. oit., pp. 3S2.3S3. 
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the organic matter inclosed in the shell, and in the mud itself, transforms the iron in 
the mud into sulphide, whic h may Ik* oxidized into hydrate, sulphur being at the 
same time litwrated. this sulphur would lnwrne oxidized into sulphuric acid, which 
would decompose the tine clay, setting free colloid silica, alumina being removed in 
solution: thus we have colloid silica and hydrated oxide of iron in u condition most 
suitable for their combination. To explain the presence of potush in this mineral 
we must remember that, a-s we have shown when speaking of the formation of palngo- 
nite under the action of sea-water, there is always a tendency for jwtash to accumulate 
in the hydrated silicate formed in this way. and, a* we have stated before, this potash 
must have been derived from the sea water." 

It is difficult to see how so high a percentage of iron as is found either 
in glaucouitc or in greenalite can be derived from the decomposition of 
mud filtered into the interior of the shell. If the mud were derived entirclv 
from the disintegration of basic rocks, the percentage of metallic iron would 
not be far above 10 per cent, and the actual percentage found in the 
granules is far higher than this. The derivation of sufficient iron from the 
decomposition of mud would require a larger amount of foreign material 
than is contained in the casts. In the typical glaucouite deposits foreign 
material is present outside of the shells, as shown bv the above quotation 
from Murray and Menard concerning the constant accompaniments of glau- 
couite, and there seems to l>e no reason why all of this material should not 
be drawn upon for the supply of iron. If the substance of the Mesabi green 
granules be supposed to have been derived from the decomposition id' orig- 
inal detritus, this must have been present in enormous quantity, for the 
content of metallic iron shown in the analyses of greenalite rocks is 25 per 
cent, while the detritus available in the Mesabi area could scarcely have 
averaged as much as 7 |>er cent in metallic iron. As the greenalite rocks of 
the Mesabi iron formation accumulated to a thickness of perhaps 1,000 feet, 
it would be necessary to assume that a thickness of detritus several times 
this figure originally was present to yield the necessary amount of iron to 
the granules. There is ample evidence that no such amount of detritus (in 
fact little or none beyond that now to be observed) was ever present in the 
Mesabi iron formation. This consideration calls for an additional source 
for the metallic iron of the Mesabi greenalite grauules; other possible 
sources are discussed under II and III below. The great thickuess of the 
Mesabi iron-bearing formation as compared with known glauconite deposits 
is further presumptive evidence that processes other than those forming 

" I ax: rit., pp. *>8,3S1'. 
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glauconite were active in the development of the Mesabi greeualite gran- 
ules, for otherwise it would be necessary to assume abnormal intensity and 
duration of glauconite-forming processes. 

While the explanation of Murray and Renard as it stands above 
scarcely seems applicable to the explanation of the origin of the Mesabi 
granules, it does not at all follow that the conditions and processes favorable 
to the development of glauconite when these are fully known will not be 
applicable, at least in part, to the development of the Mesabi greeualite 
granules. 

II. JURKCT I'KECIMTATIOX FROM SOLUTION HV ORGANISMS. 

Where iron is l»eing contributed to ocean waters in considerable 
abundance, it is possible to conceive of minute organisms abstracting the 
same and depositing it directly in some such form as glauconite or 
greeualite. This subject would reouire elaborate treatment and the expla- 
nation is here but mentioned. 

III. OKVKUlI'MKNT MMU.AH TO THAT OK IKON CARBONATE. 

The association of the green granules in the Mesabi iron formation 
with original iron carbonates and their analogous composition suggest an 
explanation of their origin similar to that applied to the development of iron 
carbonates from other portions of the Lake Superior region by Irving and 
Van Hise" This is outlined below. 

IBOX DERIVE!! FROM THE WEATHERING 1>K 1-HKEIisTlSli WKIII AMI CAHRIKD Ttl TI1K IK'IUN AS CARHuVATK. 

The iron and silica of the greeualite were brought into the ocean 
largely in solution. The rocks which at that time formed the shore (the 
Archean and Lower Huroniun rocks) contained disseminated iron. The 
Archean "greenstone," which formed a very large proportion of the land 
area at that time, still contains from 7 to nearly 10 per cent of metallic iron, 
largely iu the ferrous condition, and the Lower Iluronian rocks less. Hy 
the ordinary processes of weathering the rocks were decomposed and the 
iron taken into solution by the surface waters, largely as carbonate. Most 
meteoric waters contain carbon dioxide (CO t ), and it is more than proba- 
ble that sulphuric acid was also present, but was very subordinate in 
quantity to carbonic acid, and hence the sulphates were not important. 

"See Mon. f. S. Oeo). .Survey Vol*. XIX aixl XXVIII, and Twenty-first Ann. Kept. I'. S. 
««•..!. Survey. \t. III. 
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Particles of the preexisting rocks were also carried into the ocean in 
suspension, and these, by subsequent decomposition, yielded iron to the 
developing iron-formation materials, but it is not likely that this was a great 
factor in the development of the iron formation, for the average amount of 
metallic iron in such particles was less than 5 per cent, while the amount 
of metallic iron in the original iron-formation rocks is commonly 25 per cent. 

THE (BOX FIRST PRBCIHITATEU IN TIIK IXKAS AH A HYItRATKI* fKKOtlDK. 

When the waters bearing iron iu solution reached the ocean most of 
the iron carbonate was broken up, the carbon dioxide given off, and the 
ferrous iron oxidized to a hydrated peroxide state and precipitated. The 
precipitate was probably first in the form of Fe/OH),, although the degree 
of hydration may have speedily altered, as it is known to do in the 
laboratory when it is allowed to stand or is subjected to various conditions. 
The reaction was 

2FeCX>, +0+811,0= Fe,(OH),+-2CO,. 

Precipitation may have occurred either through the ordinary oxidation or 
with the aid of "iron bacteria."" 

TIIK IRON KIRtfT PRECIPITATED IX A RE VS OF VEOETATMN. 

If. is probable that the ferric hydrate was thrown down iu an area of 
abundant vegetation. Van Ilise* has shown that the process of carbonation 
un a large scale, bringing the iron in form of carbonate to the ocean, is 
tavored by the presence of abundant vegetation, the decomposition of which 
vields carbon dioxide; that where vegetation exists in land areas it is also 
likely to be abundant iu adjacent waters where the conditions allow it; 
and that in such places carbonates are formed. The very fact that a 
formation high iu iron content was dej>osited in the Mesabi area shows that 
some process was bringing iu iron on a large scale, and no process would 
be more likely to be normal under the conditions under which the iron 
formation developed than carbonation. If the process of carbonation was 
occurring on a large scale this implies the presence both on land and in 
water of abundant vegetation. Moreover, the iron formation contains 
original carbon and carlxmates of iron and calcium, affording direct proof 
of the presence of vegetation iu the water in which the iron was first pre- 

u For action of iron hui-tt>rut, nee any MAiulanl n-xt-lmik i>f Iwlrri.Oi^y. 
*Mon. I'. S. tiful. Survey on M<'tanii.r|>!ii-m. in |,r>-|«r»ti<ni. 
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cipitated. Still further, the iron formation, from its position between 
quartzite and slate, is known to have developed under conditions inter- 
mediate between those of clear water and muddy water, which would be 
likely to be favorable to vegetation. It has already been pointed out that 
instead of the open ocean, there may have been over this area a semi- 
inclosed arm of the sea. Such a condition would have been favorable to 
the extensive occurrence of this process. 

THE II Y DK.VTKD t'EROXIOK HJEIHVED HV VBM KXAHLK MATTER. AND TIIK PROTOXIDE OF IHOX OOMB1XED 

WITH I AKW.N IHOX1UK oil SILICA. 

As the hydrated peroxide fell to the ocean bottom mid became mingled 
with vegetable material, and buried with it, it was reduced, at least in part. 
Says Van Hise,* "The reducing agent may be regarded as carbon monoxide, 
or some of the carburreted hydrogens, such as methane." The iron was 
then in the protoxide state and could easily combine with the carbon 
dioxide simultaneously develo|>ed by the oxidation of the carbon of the 
organic material to reproduce iron carbonate. But in addition to the carbon 
dioxide developed under these conditions silica was present. As shown 
by Van Hise, it is often frequently associated with carbonates, and it was 
associated with carbonates at the time of the development of the Hiwabik 
iron formation, as shown by its present occurrence both in the altered and 
unaltered portions of the formation. The hest investigation on the subject 
indicates that the chert is in most cases formed through the agencv of 
pelagic organisms which secrete the silica found in solution in the sea 
water or derived from the decomposition of the silicate minerals in the 
associated detrital material. 6 The silica, especially where in a colloidal 
form, could combine with the ferrous iron present to form ferrous silicate. 
Thus in the development of the Hiwabik formation both carbon dioxide 
and silica were present, with either of which the iron protoxide could 
combine according to the following simple reactions: 

FeO + CO t + n H.O = FeCO, -HiH,0 
F«0+SK),+uII t ( ) FeSiO,nH,0 

The last-named formula essentially represents greenalite, though the 
subordinate constituents are not taken into account. 

Whether the iron combined with the silica or with the carbon dioxide 
was probably a function of the relative masses of the chert and carbon dioxide 

- Luc. . it. '•*«. C. I». W«lo»it. Moii. I". S. lieol. Survey Vol. XXX. IMis. 
MOX XUU--08 17 
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available for combination. 1 Hiring' the deposition of the Mesabi iron forma- 
tion, silica was unquestionably in much greater mass than the carbon 
dioxide, as shown by the present composition of both the altered and 
unaltered portions of the formation. Doubtless there are other factors con- 
cerned in the combination of silica or ear lion dioxide with iron, lint these 
are not vet known. Whatever the cause, ferrous silicate was formed in 
great abundance and the iron carbonates in small quantity. Calcium and 
magnesium oxides, which may have been present, as shown by the analyses, 
may have reduced the active mass of the carbon dioxide available to unite 
with, and thus increased the proportional mass of silica. Roth the magne- 
sium and calcium oxides are stronger bases than the iron, and would take 
precedence over it on going into combination with carbonic acid. 

In the iron formation of the Gogebic district of Michigan, a forma- 
tion of the same age, general character, ami associations, and supposedly of 
a similar origin, silica was less abundant in the original rock of the forma- 
tion (siderite) than in the original rock of the Mcsabi iron formation (green- 
alite rock), and thus the dominant combination was protoxide of iron and 
carbon dioxide, producing iron carbonate, ami the combination of protoxide 
of iron with silica was very subordinate, although it did occur, as shown by 
the small admixture of ferrous silicate rocks in the carbonates of this region, 
already noted. (See p. 118.) 

The preponderance of iron silicates in the Mesabi district ami the 
preponderance of iron carliouates in the I'enokee-Gogebic district suggests 
an analogv to the occurrence of zinc ores in Missouri and Wisconsin, 
described by Van Hise. In the former district zinc silicate is abundantly 
present with zinc earljounte. In the latter district zinc silicate is sparingly 
present with the zinc carbonate. Van Hise concludes that "the almost 
complete absence of zinc silicate in Wisconsin and the presence of zinc 
silicate in southwestern Missouri are in accordance with the well-known 
law of mass action. Where silica is abundant, so that zinc silicate can 
form, it is present plentifully: where silica is absent or subordinate, it does 
not develop in any considerable quantity.*' ° In a later work he states: 
"Where, under the conditions described, silica is abundant in proper form, 

" Preliminary report r»n tin- Uiul aii<l ziin' ilr|n-*it> of I tic Oznrk itid<m, by II. V. llain, with 
an inlnwliK-tioti by C. It. Vuu Iliac; Twcut) -wxoud Aun. Ki>pt. I . S <_.«.!. Survey, Hurt II, 1902. 
p. 51. 
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tin* law of mass action requires its union with the protoxide of iron. This 
principle is illustrated by the condition in which the oxidized compound* 
of zinc occur in the Wisconsin ami southwestern Missouri districts. In the 
Wisconsin district silica, is not especially abundant, and where zinc sulphide 
is oxidized the zinc oxide unites with carbon dioxide and forms smitlisonite 
(ZnCOj) Hut in Missouri, silica, partly in the amorphous form, is very 
abundant; and there, when the zinc sulphide is oxidized, the oxide of zinc 
largely unites with the silica, forming calamine [(ZnOH) jSiOJ. Roth 
smitlisonite and calamine occur in both districts, but calamine occurs 
abundantly only where silica is abundant. Similarly, where in lagoons 
the iron is reduced to the protoxide form, it would unite with the silica on 
a large scale, provided that compound were abundantly present in a form 
suitable for union." " 

CONCLUSION WITH REFERENCE TO ORIGIN OF GREEN ALITE GRANULES. 

It is concluded that the explanation offered by Murray and Henard for the 
development, of the modern glauconite deposits does not apply without 
much modification to the greeualite deposits under discussion; that the 
grecnalite granules may possibly have developed directly from the abstrac- 
tion, through the agency of organisms, of iron from solution in sea water, 
whence it was contributed from adjacent land areas; finally that a reason- 
able explanation seems to bo that the green granules, from their analogy 
in composition to iron carbonaite, from their association with iron carbonate, 
from their great thickness, their uniform character, and analogy with other 
carbonate and silicate compounds, probably developed in a way similar to 
the development of the iron-carbonate deposits of other |M>rtious of the 
Lake Superior region; and that their shape, and not composition, is 
determined by organisms. It may be noted in closing that the several 
explanations of the origin of the Mesabi green granules above outlined are 
not mutually exclusive, and each of them may be found to be partly true 
when the complete explanation is known. 

"Mini. I'. S. Geo). Survey on MtUiuioryhism, in prvnarution. 
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m itlALOF TIIK IRON-HEARING FORMATION HKXKATH THK VIRGINIA 

slate. 

The iron-formation materials, consisting mainly of greenalite in the 
form of granules, abundant chert as cementing material and in layers, thin 
layers of iron carbonate, and layers of mud, were deeply buried under a 
great accumulation of mud, which, by its metamorphism, has given the 
Virginia shite formation. Judging from the present maximum thickness 
of the slato in the Penokee-Gogebic district, the depth of burial of the 
Kiwabik formation l>eneath mud was thousands of feet and mnv have 

■ • 

been as great as 13.000 feet. 

EMERGENCE OK TIIK IRON-REARING FORMATION FROM THE OCEAN. 

The iron-bearing rocks came above sea level by the uplifting of the 
area. While the rocks were deeply buried under younger sediments long 
before the movement begun, induration of the formation set in and con- 
tinued during the uplift and, for parts of the formation, long afterwards. 

ALTERATION OF THE IRON-REARING FORMATION MY WEATHERING 
AM) THE SECONDARY CONCENTRATION OF THE OUKM. 

As soon as the land appeared above the water, erosion began to wear 
«lown the rocks. The great thickness of slate had first to be removed, and 
it is probable that the iron formation was not exposed to weathering agen- 
cies until a very long period had elapsed. While part of the iron formation 
in the eastern end of the district was exposed by erosion before Kewccna- 
wati time, as shown by the fact that the Keweenawaii gahhro there lies on 
the eroded edges of both the Virginia slate and the liiwahik formation, 
the central and western portions ot the district in which the iron-ore depos- 
its are now found were probably not exposed until post-Keweenawan time. 
Throughout the Lake Superior region the Upper Huronian and Keweena- 
waii rocks were folded together, and there is reason to believe that this 
folding developed the Giants range and the southward tilting of the Upper 
Huronian strata over what is now known as the Mesabi district. This fold- 
ing also fractured the brittle iron formation and made it very jR-rvious to 
water. As soon as the folding had taken place erosion set in, which, after a 
long period, truncated the edges of the Upper lluionian series, giving them 
the distribution in belts parallel to the Giants range now to be observed. 



Digitized by Google 



ORIGIN OF THE IRON ORES. 



261 



As the alteration of the iron formation and the concentration of the ore 
has been brought alxmt by processes characteristic of surface conditions, 
iis will be seen on a subsequent page, the secondary concentration of the 
Mesabi iron ores did not begin until after the truncation following the post- 
Keweenawan folding. The alteration which then occurred was as follows: 

In its unaltered state the iron of the iron formation was disseminated 
through the rocks of the formation. The average amount of metallic iron 
was about 2ti per cent. The alteration was rapid at the surface; but 
alteration was also carried on below the surface, both above and below the 
level of ground water, by the downward-percolating surface waters. The 
bedded structure, the attitude of the formation, and the cross jointing were 
favorable to the vigorous circulation of waters through the formation. 
Coming down the south slope of the Giants range they entered the trun- 
cated edges of the iron-bearing strata, dipping gently away from the rauge, 
and flowed southward along the layers. The chief alteration was that of 
the greenalite which, with the chert, made up the bulk of the formation. 

The waters from the surface carried carbon dioxide and oxvgen derived 
from the atmosphere and the carbon dioxide, perhaps in part from the erosion 
of the overlying slate and carlmnates. They carried also small quantities 
of sulphuric :ieid and the alkalies. (See analysis on p. 284.) Hydrous sili- 
cates are readily soluble in underground waters, and especially waters bear- 
ing carlxm dioxide. In the long period during which the ferrous silicate 
has been in contact with circulating waters bearing carlxm dioxide it is 
apparent that it must have gone much into solution. The iron was thus 
brought into solution mainly as carbonate, though perhaps partly as sul- 
phate or even as silicate. To illustrate the essential nature of the altera- 
tion of the greenalite, its composition will Ix* assumed to correspond to tho 
simple formula FeSi0 3 nH 2 0, thus neglecting the small amount of other 
substances shown by the analyses. The simple ratio of ferrous iron and 
silica shown in the formula has not been proved in the analyses, but what 
evidence there is points strongly to such a proportion. With this assump- 
tion the reaction was 

FeSiO,. H,0+H,CO, + A<| = FeCO, + H.SiO, + Aq 

The iron carbonate was either immediately oxidized and hydrated and 
thrown down as ferric hydrate through the agency of the oxygen carried 
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by tlie solution which effected the carbonation, or the iron carlwinate may 
have been in part earned a greater or less distance, until it met waters 
carrying abundant oxygen and was then thrown down. That transporta- 
tion of iron in solution actually occ urred is shown by the stalaetitic and 
botryoidal ores in vuggs. Where ferrous compounds were abundant there 
was probably not oxygen enough to throw all of the ferrous compounds out 
of solution at once. The oxidation of the iron carbonate took place accord- 
ing to the following equation: 

4 FeCO,+ 3 H.O+_> 0 = 2 F.-,0 S .3 H.O+4 CO, 

The degree of hydration may have varied at the time of the precipita- 
tion or thereafter through varying temperature or other causes." 

The solution of the iron silicate (greenalite) meant the simultaneous 
production of soluble colloidal silicic acid (see reaction, p. 2(51, and analy- 
sis, p 264), which carried the silica for greater or less distances and by 
dehydration deposited it as chert. The abstraction of the silica in this 
manner caused the iron oxides to slump and thus to be further concentrated. 

This process, combined with the actual transportation of the iron in 
solution, where carried out on a large scale, resulted in the development of 
iron-ore deposits: where on a small scale the alteration resulted merely in 
the local segregation of the iron oxide and chert, giving ferruginous cherts. 

The abstraction of the silica explains the slump near the contact of the 
iron-ore layers with the layers of wall rock described on pages 230-233. 
Indeed, one would expect the observed slump to 1m? even greater than it is, 
for the silica taken out is over half of the volume of the origimd rock, as 
may be noted by comparing the analyses of the unaltered rocks and of the 
iron ores. Hut the ores after the concentration have a very large amount 
of pore space compared with the nicks from which they are derived, indi- 
cating that the iron ore has not fallen to an extent commensurate with the 
volume of the silica removed. 
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So far as the original iron-formation rock was an iron carbonate, which 
we know to have been present but to have been very subordinate in quantity 
to the greenalite, a similar set of change* occurred. The iron was oxidized 
and hydrated and the carlxm dioxide removal in the manner described by 
Van Hise* 

At the same time the slaty layers within or adjacent to the iron 
formation which came into contact with actively circulating waters were 
altered to paint rock. The process consisted in the abstraction of substances 
other than the silica and alumina to a greater extent than these compounds, 
and staining red with iron oxide, due in part to the oxidation of the ferrous 
compounds contained in the slate and in part to introduction of ferric oxide. 

Since the concentration was started in post-Keweenawan times the 
development of the ore bodies lias had interruptions, but the interruption* 
probably have been subordinate as compared with the long periods during 
which the concentration has been occurring. In Cambrian times the district 
may have been covered by Cambriau sediments, but this is uncertain. The 
nearest Cambrian sediments are now XO miles distant. Again, in Cretaceous 
times, the western part of tlie district, and perhaps the eastern part, were 
buried to an unknown depth by Cretaceous rocks, but when these were 
stripped oft' by erosion the concentration of the ores was resumed. 

In Glacial times the Mesabi district was overridden bv the ice and the 
surface rocks planed oil". Large quantities of iron ore were removed at this 
time, as shown by the fact that fragments of ore are found in the drift, some 
of them of considerable size. The so-called Moose Track mine, south of. 
the Fayal mine, was a large mass of iron ore of about 3<>,(H)0 tons inclosed 
in the drift. Vastly more ore was carried away than now appears in large 
pieces in the drift, for the ore is of soft character and would be likely to be 
finely disseminated through the drift, or even curried away in solution. The 
glacial cutting of the ore is shown further by the fact that the rocks in the 
neighborhood of the iron-ore deposits, which are much harder than the ores, 
have been extensively cut down, as shown by the abundance of their debris 
in the drift; and as the surface of the ores is now usually below the harder 
wall rock, the softer ore was probably gouged out to a greater extent than 
the adjacent rocks. If in the past the upper portions of the deposits 
contained on an average a larger amount of hydrated ores than the lower 
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portions, as they do now, then the glacial erosion removed more of the 
highly hydrated ore than of the less hydrated ore, and thus the present 
preponderance of hydrated ores in upper horizons is not so great as it might 
have been had glacial erosion not occurred. 

In general, the glacial cutting has probably not been so deep as in 
the Canadian iron-bearing districts, or perhaps tin* Vermilion or Marquette 
districts, because of the protection of the high land to the north and 
also because of the interlobate ]>osition of the district, ami this may help to 
exphin the apparently greater abundance of ores in the Mesabi district 
than in the Canadian districts, as suggested by Van Hise. 1 

Since Glacial time the ore deposits have for the most part remained 
buried Iteneuth glacial drift, but still the iron formation has been under- 
going essentially surface alterations. 

That the concentration of the ores is continuing at the present time 
is shown by the water analysis by Mr. E. T. Allen, of the United States 
Geological Survey, given below. The water is from a drift l>et\veeu the 
Hull and Rust mines west of Hihhing: 



run. (h i n.lUlnn 

CO, 71 

SiO, -».v> 

SO, 2. 2 

H>, W 

Fe Not a tratv. 

Ca 10. 1 

K 97 

In all caees I'xirpt in the determination .>( CO, 1 liter wa» iixed, The water contained no 
mispende<l or precipitated matter. 

The ixfulta are Ktateil in terme of inn*. Whether or not the ionization theory !*• ai-ivpted, the 



radical* (riven are the onen which have Uvn actually determined in the analysis, whatever their state 
or eombiimtio.i. 

The relatively high content of silica in the water indicates that this 
substance is now being taken out of the ore deposits and thus that concen- 
tration of the ore is actually occurring at the present time. The content of 
carbon dioxide, sulphuric acid, and the alkalies show the agents to be present 
now which presumably have been present in the past. The absence of any 
iron in the water is evidence that the concentration at the present time 
within the ore deposits already formed consists almost entirely, if not quite, 
in the abstraction of silica. It does not show, however, that in the past 

" Twenty. fln.t Ann. Kept. V. Uewl. Sumy. It. 111. iwn. pp. 411-112. 



Digitized by Google 



ORIGIN OF THE IRON ORES. 



265 



the iron itself may not have been carried in solution to form these ore 
deposits, nor that iron is not now being 1 carried in those portions of the 
iron formation! north of the Virginia slate and tinder the edge of the 
Virginia slate where greenalite or iron carbonate are available. At 
the present time ferrous silicate and ferrous carbonate are in exceed- 
ingly small quantity in the iron formation north of the Virginia slate, 
and their oxidation takes but little oxygen from the percolating waters 
which traverse the ore >>odies. Hie waters, then, are likely to have a 
high percentage of oxygen throughout the part of the formation explored 
and the part from which the water analyzed was derived, and any ferrous 
compound which may get into solution is quickly oxidized and precipitated. 
In the past, when the ferrous compounds were abundant where the ore 
Itodics now are, it may be supposed that the water was depleted in oxygen 
through the oxidation of the ferrous compounds before it had traveled' 
any considerable distance into the formation, and that when the oxygen 
had been abstracted the ferrous compounds in solution may have been 
carried some distance before water l>earing sufficient oxygen to oxidize and 
precipitate them was encountered. 

LOCALIZATION OK OHKN »Y CntCI7I,ATION OF WATER. 

The segregation of the iron-ore bodies having occurred through the 
alteration of the greenalite by the agency of percolating underground 
waters, one would expect to find that the maximum alteration has occurred 
and the iron-ore bodies have developed at places where the circulation of 
the ox ytf en-bearing ami carbonated waters was most vigorous. A consid- 
eration of the present and past circulation through the iron formation 
shows this to be the case. 

Meteoric water falling on the iron formation, or contributed to it from 
the slope of the Giants range from the north, enters the eroded edges of the 
iron-formation beds dipping gently to the south Water probably flows 
along the bedding owning* more freely than along the joints, for the 
bedding openings present more continuous openings than the joints, which 
are irregular and discontinuous, and are frequently cut oft' by soft, imper- 
vious layers which have yielded to deformation by bending rather than 
by breaking. Locally, however, the Howage along joints is dominant. 
Certain of the iron-formation layers also are j;orous, while others, particu- 
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larly slate and paint rock, are nut, and thus the water Hows more easily 
through certain bed* than through others. The flowage of water above 
the level of ground water and the flowage below this level have distinctive 
features and may be considered separately. 

Above the level of ground water the water entering the iron formation 
tends to move vertically downward under the strews of gravity. If the 
substance were homogeneous this tendency would prevail and the move- 
ment would be practically vertical. Vertical joints in the iron formation 
tend to allow movement in this direction, but the more important bedding 
openings and the combination of pen-ions and impervious beds tend to 
make the water deviate from verticality and take up a course more nearly 




parallel to the beds. The major flow seems to follow broad gentle syn- 
cliues in the iron-formation layers, but locally the flow follows cross 
fractures. 

When the water has passed into the sea of ground water its flowage 
depends not only upon the structure and texture of the formation but ujM>n 
the position of the outlet. It is certain, that the water flowing through the 
Hiwnbik formation docs not circulate vigorously far under the Virginia 
slate. Where the sWe is drilled, in exploration, water is occasionally found 
under pressure, which shows that, in spite of the slight jointing of the slate, 
the formation is essentially impervious, as would )x- expected from any 
slate formation, and has ponded the water coming under it from the north. 
Thus water flowing through the iron formation must therefore necessarily 
overflow at the north edge of the slate Kecent pumping operations have 
lowered the ground water to such an extent that in places it stands below 
the slate margin, and in these place* there is little or no overflow at the 
edges of the slate. In the past, however, overflow at this level must have 
generally occurred. .Slate layers within the iron formation and the 
Pokegama formation at its base must also limit the water circulations, 
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several of which may have contemporaneously existed. Finally the 
circulation is modified by joints. The general nature of the flow of 
water parallel to the pitch of the formation between a slate layer within 
the iron formation and the overlying Virginia slate, or between any two 
slate layers within the iron formation, or between the Pokegatua quartzite 
below and a slate layer within the iron formation, is shown in fig. 11, based 
on a drawing kindly furnished by Prof. C. S. Sliehter. The lines of flow 
are drawn on the assumption that they enter the ground at equal distances 
along the upper slopes and emerge in a limited area in the drift near the 
margin of the slate. Probably more water enters the iron formation on 
the upper slo|x-s than on the lower slopes, Iwing contributed from the Giants 
range to the north. Were it not for this fact it would be necessary to 
leave wider spaces between the points of entrance of the lines of flow on 
the upper slopes than on the lower slopes. The diagram shows that the 
flow is more vigorous near the area of escape than elsewhere, just as, when 
water is drawn off the edge of a basin, the flow is more rapid at the point 
of escape than in a distant portion of the basin. 

The actual flow through the iron formation differs from that shown in 
the diagram in a number of particulars. The iron formation between the 
impervious strata is not homogeneous, but the attitude of its layers and 
openings is such as to cause little vertical modification of the flow shown 
in the above diagram, for the beds and bedding openings would tend to 
carry the water in the same general direction. The effect of heterogeneity 
is onlv to make the vertical distribution more uneven than shown in the 

it 

diagram. It must be supposed that while somewhat more water is coming 
to the surface near the edge of the slate than at any other horizon a 
considerable quantify of water is also coming to the surface in the iron 
formation a considerable distance away from this horizon, for lh< »evel of 
ground water is frequently in the drift above the rock surface. The total 
head, as shown by the configuration and attitude of the water table, varies 
from place to place and is seldom evenly distributed across the surface 
width of the iron-formation belt. An examination of the map will show 
much irregularity in topography, and numerous swamps and lakes, 
indicating ground-water level unevenly distributed through the formation. 
Perhaps in general the head is greater in upper portions of the belt, nearest 
the underlying rocks, than near the slate. Finally, in the past the water 
level and head have been changed from time to time, as will be seen below. 



Digitized by Google 



2<W 



THK MESABI IRON-BEARING DISTRICT. 



Yet, notwithstanding these variations from the condition* represented 
in the diagram, it is thought that the diagram will nerve as well as any 
other to show the general average conditions of now Ixdow water level in 
the past before artificial openings had modified them. It is qualitatively, 
if not quantitatively, correct. 

The lateral distribution of tin- How depends upon the channels avail- 
able and the level of the points of escape. Other conditions luting equal, 
the flow is concentrated along joints or pervious portions of the formation. 
The water escapes at the lowest point, and hence near such a poiut the 
flowage is likely to be concentrated. rYaeturing of the overlying Virginia 
slate or the slate layers within the iron formation may determine the lowest 
point of escape for a given area; or differential subaerial or glacial erosion 
may accomplish this result; or, finally, the original folding of the Upper 
Hurouian series, followed by the truncation of the series by erosion, may 
result in making the low points of escape along synclines It is probable 
in many cases that stream and ice erosion has followed the original struc- 
tural synclines in the formation. In other cases it is certain that the 
anticlines have been cut off to as large or even a larger extent than the 
synclines. 

While the flow is limited below by impervious strata, if, txeause of the 
position of the outlet, the flow lxdow the level of ground water is greater 
near the point of escape than deeper down, it follows that there is no 
concentration of the flow along the impervious basement, and thus, in so 
far as the iron formation is below water level, there is no reason why water 
circulation should be more vigorous along the troughs than along the 
arches of the gentle folds, provided the openings in each case are equal and 
the points of escape at equal elevations. If, in the case of drawing off 
water from the edge of a basin, above cited, we assume the bottom of the 
basin to be gently flexed instead of flat, it is apparent that the circula- 
tion will be more vigorous near the top of the basin than below, and at the 
bottom there will be practically no difference in the circulation over the 
arches and the circulation over the troughs so far as both aro below water 
level. Thus in the iron formation below the level of ground water, while 
the impervious layers limit the circulation below, their shape has no effect 
in concentrating the flow. 

The distribution and shapes of the iron deposits and their relations to 
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the adjacent rock strata are fully iu accord with the idea that they have 
been localized by the circulation of water just described The history of 
their localization, it is believed, was as follows: 

When the formation was first exposed to surface alteration meteoric 
waters began to enter the formation. This was probably in early Cambrian 
time, long before the Glacial epoch, and the level of the ground water 
probably nowhere came to the rock surface. Indeed, there must have been 
over the exposed area of the iron formation a belt of weathering almvo the 
level of ground water, comparable in thickness with that now observed on 
the upper slopes of the Giants range where the drift covering is not thick. 
It is not uncommon to find here a belt of weathering as much as KM) feet 
thick, sufficient to include the greater bulk of the iron-ore deposits of the 
range at the present time. 

In the belt of weathering the concentration of the ores, following the 
circulation of the water, was controlled in its major distribution by the 
broad, gentle folding of the formation, but locally was controlled by cross 
fractures. The ores were developed along irregular and ramifying fractures 
in the broad and gentle synclines, and not uncommonly several more or 
less independent deposits were developed in the same syncline. As noted 
tin a prior page, under these circumstances the occurrence of the ores in 
svuclines is frequentlv not directlv shown bv the attitude of the iron- 
formation layers immediately adjacent to the deposits, for the fractures 
along which the ores have developed may cross any part of the syncline 
and thus intersect layers with almost any attitude. Alteration once begun 
in any area, the abstraction of the silica made the rocks porous and tended 
to confine further circulation and consequent alteration to the same area. 
That the concentration of the ore deposits has occurred along cross 
fractures is shown not only by their distribution and shape, but by the 
fact that the contacts of the ore with the wall rock or with horses of rock 
within the deposit are plane surfaces intersecting at various angles, and 
when the ore has been removed the rocks stand out in castellated forms. 
The verv existence of horses of rock in the ore deposit is evidence of the 
concentration aloug cross fractures which leave intermediate rock masses. 
Still further showing the control of circulation by fractures is the fact 
that many hand specimens may be collected showing plane surfaces with 
alteration extending a little way in from the surface, indicating the agent 
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of the alteration — water — to have followed this surface. In general, the 
expression sometimes used locally on the range that the ore results from 
"rotting" along fractures may be close to the truth, although requiring 
certain modifications, as above indicated. 

When the water passed below the level of ground water it continued 
its work of alteration, though perha|w not so vigorously because of its 
depletion in oxygen and carbon dioxide. But while the concentration was 
limited below by the slate layers of the iron formation, the concentration of 
the ores was not necessarily confined to openings in the broad synclines. 
In this part of its course the water concentrated ores along the largest and 
most continuous openings and near the lowest points of escape, regardless 
of the shape of the impervious basement But in so far as the lowest point 
of escape was determined primarily by the folding, as it doubtless was to a 
great extent, the concentration occurred along synclines in the impervious 
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basement. This is illustrated by the Biwabik mine. The ore deposit is in 
general parallel to the strike of the iron-formation strata, but its thickest 
portiou may be seen to lie near the lower point in the paint rock (the 
altered equivalent of the Virginia slate at this point) which may be seen to 
overlie the ore body. Also exploration to the south shows the slate to be 
cut back just opposite the "belly" of the deposit. 

As the process of erosion continued the surface of the iron formation was 
cut down, and this was accompanied by a migration downward of the level 
of ground water, with the consequent emergence above this level of the part 
of the iron formation which had heretofore been below ground water. Any 
concentration which had occurred before this part of the formation came 
above water level was probably continued in the same areas, for such areas 
were rendered more |M>rous by the alteration already undergone, but any 
new concentration was along the impervious basements of pitching troughs. 

The erosion of the surface of the iron formation resulted in the lateral 
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downward migration of the on- deposits. As the ore was cut off above, the 
development of new ore continued downward along tlie dip, its lowest limit 
always marked by an impervious stratum. Three hypothetical stages of 
the development of the ore deposit aud its lateral migration are shown by 
fig. 12 (p. 270). It is apparent from this that the present state of affairs is 
merely a stage in a continuous process of concentration and migration, 
which is continuing to-day as it has in the past. 

There is evidence that the area, before Glacial time, may have been 
near the sea level in two periods, the Cambrian and Cretaceous. At these 
periods the level of ground water must have been near the rock surface; 
the circulation was feeble and the concentration of the ore was slow and 
possibly ceased. At intermediate and subsequent times the level of ground 
water may be supposed to have been some distance beneath the surface. 
The circulation was then vigorous and the development going on. 

In Glacial times a considerable portion of the upper part of the forma- 
tion was scraped oft". This included a large part of the formation which 
had been above the level of ground water, and thus many of the ore 
deposits and parts of ore deposits which had been concentrated in this 
belt. Associated with the glacial cutting was the deposition of a thick 
mantle of glacial drift, into which the ground water worked up. Since 
glacial time a large part of the iron formation has beeu below the level of 
ground water. 

In summary, the localization of the ores through the circulation of 
underground water has been controlled primarily by the broad, shallow 
synclines" into which the iron-formation layers have been folded, but other 
factors have greatly modified this control and locally have been dominant. 
Of the modifying factors the principal one has been the cross fracturing of 
the iron formation, yielding openings through which the waters have flowed 
in devious paths and causing the concentration of the ores in limited and 
irregular areas within the synclines. Of scarcely less importance have been 
the little fractured and relatively impervious slate layers within the iron 
formation and the Virginia slate above the iron formation, limiting the cir- 
culation above and below, ponding the underground water, causing lateral 

"Such *ynclint-.4 are tt..t ntivmarlly t-uriaoe troughs, a* xometimeN amumed by explorer*. They 
are evidenced l>y the attitudes ..f the layer* of the iron formation, and may not be apparent in the 
unequally eroded rock nurfacv or at the surface of the irregular covering of glacial drift. 
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movements toward the lowest points of overflow, and finally causing the 
flow to be not necessarily confined to syncline* but in some cases to be 
vigorous over anticlines, all combining to explain the concentration of iron- 
ore deposit* with greater dimensions parallel to the strike of the iron- 
formation layers (parallel to the trend of the range), and deposits apparently 
independent of any synclinal structure in the iron formation. 

EXPLANATION' OF THK APPARENT AHSENCE OF ORE DEPOSITS AT 
THE EAST EN1> OF THE ItANOE. 

Eastward from Mesaba station in the proximity of the Duluth 
gabbro the iron formation has no known ore deposit*. The iron oxide 
present is mainly magnetite instead of hydrated hematite, and the asso- 
ciated minerals, aside from, the chert, are characteristically monoclinic 
amphibole. These conditions indicate a history for this part of the district 
somewhat different from that above described for the part bearing the ore 
deposits. 

The iron formation in the east end of the district was originally similar 
in character to that in the western and central portions of the district, though 
perhaps containing a little more intercalated slate. While the iron forma- 
tion of the central and western portions of the district probablv was not 
exposed to surface alteration until post-Keweemiwan time, in the eastern 
end of the district the iron-formation rocks were exposed by the removal 
of the overlying slate before Keweenawan time. In Keweenawan time 
the eastern end of the district, and perhaps the central portion, were buried 
beneath Keweenawan rocks, principal among which was the Duluth gabbro 
mass of northeastern Minnesota." In the east end of the district the gabbro 
came to rest on the eroded edges of the iron formation and slate. In the 
central and western ends of the district the gabbro was separated from the 
iron formation by a vast thickness of slate which up to that time had not 

" If the inm formation I1411I heen expowd prior to tin* udvettt of On- ttnlihro. and normal linioiiito* 

or hematite* formed to x • extent, one mijrtit cxjuh 1 to fiml tliut tin- i«U.ro had (m-tHitmruliimed 

tliew- oxide* into hard, brilliantly eolored jnepeir Thi» i* apparently tin- explanation of certain of 
the jasper* in the <.io|A*l>ic district. No tiuch juniors have lieen foninl in the McniU district. an<l their 
slwnrc ini^lit I* taken if evidence that tile iron formation had not heen exposed at the east end of the 
district prior to the intru>ion of the (jabhro. Thin evidence, however, it ib UOieveil will not Htand against 
the evidence of the structural relation* of the gabhro to the iron-formation rock.* deM-rilied on pp. 
l'.C-IHS, The lack of ja.*|.er* max rather indicate that the alteration under imrfacc mud it ion* prior to 
Keweeuawuii time hud warcely more than Uvtlii » hen the 1n1Ll.ro wa* intruded. 
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been removed by erosion. Tin* iron formation of the eastern etui of the dis- 
trict, which had been exjHised to surface weathering for a short time, was at 
the advent of the gabbro brought under deep-seated conditions of alteration. 
When thus buried and receiving heat from the cooling of the gabbro, the 
alterations were those of partial oxidation, perhaps deoxidation, dehvdration, 
decarbonation, and silication. characteristic of such conditions. 

The greeualite was altered without the presence of sufficient oxygen 
to bring the iron up to the ferric state, ami the result was the development 
of magnetite, which may have gone through an intermediate hydrated stage. 
A tcmt>erature of onlv lf° C. is necessary to dehvdrate the hvdrate of the 
ferrous-ferric oxides. There is a possibility also that the magnetite may 
have been developed to some extent at this time by the dehydration and 
deoxidation of any small amount of ferric hvdrate which may have existed 
at this time. Dehydration alone of the ferric hydrate may have also 
occurred. 

A very characteristic change during Keweenawan time was the devel- 
opment of amphiboles. Griinerite, FeSK) 3 , actinolite, cuimningtonite, and 
perhaps other amphiboles. developed from greeualite by dehydration and 
the redistribution of the calcium, magnesium, iron, and silica in the granules 
and matrix. Where the original material was carbonate, as it was to a 
limited extent, the development of the amphiboles involved decarbonation 
and silication, the carbonate being canned away in solution. 

Still another alteration characteristic of the Keweenawan was the 
marked reerystallization of the chert ami the matrix, resulting in a great 
coarsening of the grain. (See pp. loH-160 and 1*1. XVII.) 

That the Keweenawan intrusion and burial were the main causes of 
the development of magnetite and the amphiboles is shown by the present 
distribution of these minerals, which are most abundant near the gabbro 
and decrease in amount as the distance from the gabbro increases, until in 
the central and western portions of the district they disappear almost 
entirely. Also near the gabbro contact the grain of the chert is the coarsest, 
and in leaving the gabbro the grain becomes finpr. 

Krosion subsequent to Keweenawan time uncovered a large ]>ortion of 
the iron formation of the district and brought the formation under conditions 
of surface alterations. The inagnetitic. the amphibolitie. and coarsely crys- 
talline rocks of the eastern portion of the district were very resistant to such 
Ml IN xi.ni— <« is 
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alterations, in this differing from the iron-formation rocks of the central and 
western portions of the district, which, being soluble ferrous silicates, when 
first exposed to surface alterations were quickly altered. Thus the rocks 
at the east end of the range have remained practically as left by the gahhrn. 
If there has been no further concentration of the iron in the eastern portion 
of the range since Keweeuawan time, the amount of magnetite there to l>e 
observed measures the amount of concentration which had occurred in the 
formation when left by the gabbro. As already noted, magnetite has thus 
far not been found t<» be concentrated into workable deposits. 

CAl'SK OF THE IJISTHIIU TIOX OF PIlOSPIIoni H. 

Phosphorus, while locally very irregular in distribution, in general 
is more abundant in certain phases of the iron formation than in others. 
The paint rocks contain the highest percentage of phosphorus. These 
are followed in order by the yellow ores, the blue and la-own ores, the 
ferruginous cherts, the unaltered slates, and the unaltered greenalite 
rocks. The hist named contain little or none of this element. As the iron 
ores and the ferruginous cherts have resulted from the alteration of the 
greenalite rocks, and the paint rocks have resulted from the alteration of 
the slates, it is apparent that the alteration has been accompanied by the 
introduction of phosphorus: in other words, that the phosphorus in the ores 
and associated rocks has been mainly introduced from without and is not a 
residual product derived from the decomposition of the original rocks of the 
formation. Almost any of the rocks outside of the iron formation contain 
phosphorus, and some of them — for instance, the granite of the Giants 
range — contain more than is known in auv of the rocks of the iron formation. 
Waters entering the iron formation, therefore, carry small quantities of 
phosphorus derived from the decomposition of such rocks The amount 
may l>e small (the analysis of water on p. 264 shows but a trace); yet the 
amount of phosphorus in the ores and the adjacent nicks is usually a small 
fraction of 1 per cent, and when we consider the vast time during which 
the concentration has lieeu occurring, it is apparent that but an exceedingly 
small amount of phosphorus need be in solution at any one time. The 
phosphorus is probably carried in solution as a phosphate. 

The precipitation is believed to l>e occasioned by some aluminous 
compound. The paint rock, which has the highest content of phosphorus, 
has also a high content of alumina. Aluminum phosphate is insoluble, and 
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this suggests the possibility that the aluminous mineral may be the precipi- 
tating agent. Some of the yellow ores also contain more alumina than the 
brown ami blue ores (in part because of their content of paint rock), 
although it is doubtful whether any general statement that these ores con- 
tain high content of alumina can be made. So far as the yellow ores do 
contain more alumina than the blue or brown ores, their greater content of 
phosphorus would be in accord with the supposition that the alumina is the 
precipitating agent. Yet the phosphorus content is also high in yellow ores 
which probably do not have a higher alumina content than the brown or 
blue ore?. For instance, in the Oliver mine, in 1899, a vein of limonite 
could lie seen cutting down from the surface, clearly as the result of an 
alteration by percolating waters along a fissure, and the percentage of phos- 
phorus within the vein was much higher than in the ore immediately adjacent. 
As alumina is very insoluble and not likely to be infiltrated along a fissure, 
it is not likely that the percentage of alumina im this vein is higher than in 
the adjacent ore. 

It is not unlikely, also, that some of the phosphorus in the Mesabi ores 
occurs in the form of apatite. Prof. A. E Seaman, of the Michigan School 
of Mines, has found apatite crystals in the ores of the Michigan iron ranges, 
and it seems reasonable to suppose that they may also be found in the 
Mesabi ores, although the writer has thus far hunted for them without suc- 
cess. Even if the phosphorus is present partly or wholly as apatite, it is 
still believed that the constant association of phosphorus with alumina 
indicates that aluminous compounds are essential to the reactions precipi- 
tating the phosphorus compounds. It may lie noted in this connection that 
in the Michigan iron ranges, where Professor Seaman has found the apatite, 
the close association of the phosphorus and alumina seems also to hold. 

An interesting characteristic which the phosphorus compounds in the 
Mesabi ores possess in common with those in the Michigan ores is their 
solubility. When allowed to stand in the stock pile they are easily dis- 
solved out In the Hiwabik mine ore shipped from the east stock pile was 
found to run .035 to .045 in phosphorus. When stock piled three years 
previous the phosphorus content varied from .050 to .065 and averaged 
about .060. Thus in three years the leaching out of phosphorus bv ordi- 
nary meteoric agencies was sufficient to turn a distinctly non-Hessemer 
grade into a Hessemer grade. 
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.OINTO OF 8TM 1 LiA R IT Y AND DIFFERENCE HKTWEKX MKSARI ORE8 
AND THOSE OF Ol lIEIt LAKE SUPERIOR RANGES. 

The iron-i»rc deposits of the Mesabi sire similar to those of the other Lake 
Superior ranges, commonly known as the "old ranges," in 1 he ft blowing features: 

1. They are concentrates* from an original ferrous iron coin|>onnd. 

2. They have been concentrated by surface water* bearing carbon 
dioxide and oxygen. 

3. They are located where the circulation of waters has been most 
vigorous. 

4. They are mainly in pitching basins, at least in part bottomed by 
impervious strata. 

The Mesahi iron-ore deposits differ from those of the old ranges in the 
following features: 

1. The original material which by its alteration has given the iron ore 
in the Mesabi district, while a ferrous compound »>f iron, is mainly a silicate 
rather than a carbonate. 

2. The pitching basins in the old ranges are formed by a folded imper- 
vious formation or by the intersection of the impervious formation with >i 
dike, as in the Penokee-Gogebic district. The ore lies against the impervious 
wall rock at the bottom and also to a considerable extent at the sides. In 
the Mesabi district the ores, while largely confined to broad, gentle svn- 
clines, are in irregular bodies, occupying but a small part of the syncline. 
and the local attitude of the iron-formation layers immediately adjacent to 
the ores may give no indication of a synclinal structure. 

The Mesabi ore deposits are for the most part shallow and have 
great horizontal dimensions, while those of the old ranges are deep and 
narrow. The Mesabi deposits are seldom deeper than 3(H) feet, and mav 
have a considerably greater horizontal extent — in some cases more than a 
mile. l)e)K»sits of the old ranges may reach a depth of 2,000 feet or more, 
and seldom have a surface extent greater than a few hundred feet. On the 
Mesabi range the a real extent of the ore deposits is about f» per rent of the 
entire iron formation, while in the old range** the percentage is less, 

4. The pitch of the deposits is uniformly less steep in the Mesabi range 
than in the old ranges. Average pitches range from 10~ to 20". 

o. The Mesabi ores are much more hy dinted than the ores of the old 
ranges, with the possible exception of those of the Gogebic range, and they 
are ou an average of a softer character. The silica content also averages less. 
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PREVIOUS KXPI.ANATIONS OF THE ORIGIN OP TIIK ORE AND THEIR 
RELATIONS TO TIIK EXPLANATION A HOVE GIVEN. 

Explanations of the origin of the ore on the south shore of* Lake 
Superior were early made by Hubbard, Rivot, Kimball, Hunt. Hrooks, 
Wright, Houghton, and Locke, but it was not until 18<il» that the carbonate 
theory now generally accepted was suggested. In that year Credner made 
the suggestion, with special reference to the Marquette district of Michigan, 
that the ores were derived from the alteration of iron carbonate " 

In 1886 Irving* concluded that the iron-formation rocks, including the 
iron ores, of the entire Lake Superior region were derived from the alteration 
of an iron carbonate. This conclusion was based primarily on work in the 
Penokee-Gogebic district, but other iron-bearing districts, including the 
Gunriint area, had been examined for corroborative evidence. 

In IKHy'aiid 1892'' Van Hise. who had done much of the field and 
petrographic work on which Irving based his conclusions as to the origin 
of the Penokee-Gogebic iron-formation rocks, presented detailed proof of 
the alteration of the Penokee-Gogebic iron-formation rocks from iron 
carbonate. In addition he showed the occurrence of the ores in pitching 
trouglis with impervious basements where percolating watere are converged, 
and applied the long-accepted ideas of the manner of formation of iron 
carbonate to the iron carbonate in the Penokee-Gogebic district. Since 
18'J2 Van llise and his assistants have applied essentially the same 
explanation to the origin of the iron-bearing rocks and ores of the 
Marquette, Crystal Falls, Menominee, Vermilion, and in part to the 
Michipicoten districts,' the only exception being the Groveland formation 
of the Felch Mountain area, which Smyth' thought to have developed 
from the alteration of glauconite recks, in this adopting Spurr's explanation 
of the origin of Mesabi ores noted below. 

Little or nothing was known of the Mesabi hematite ores until 

lh« vnrviluriBclien liebilifo (Ut "Oborvh llalhinwl v«ni Mk-liiitau" in NoNl-Ariimka, Iiy H. 
Cnwlm-r: Z<-it«-hr, ileutmh. « Swell., V..I. XXI, IfW', |i. M7. 

Miriam of the (ftniifiinm.- *il)Ut» au<l iron on* ■■( thf IjiUe Sujierior recion: Am. Jour. Si'i., M 
writ*. Vol. XXXII, lssti. |.|.. 2.VV272. 

' Am. .I..ur. :i<l wriiK, Vol. XXXVII, ISHS». pp. :K!-IH. 

'Moii. I . S. Ueol. Survey V«l. XIX. 

•Mon. I). S. Oeol. Sumy Vol*. X.W11I. XXXVI, mi.l XLV; Folio «2; Twenty-tirrt Aim. 
Kept. I't. III. 

/Mon. f. .S. lio-.l. survey Vol. XXXVI. pp. 421-422. 
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although the magnetites at the fast end of the range had been known long 
before. In 18*f> Irving" had stated that the Mesahi ores were developed 
from the alteration of iron carbonate, but this statement was bn>ed on scanty 
observations made to the east of the Mesahi range, at Gunflint Lake and 
vicinity. N. II. Winchell, 6 in 1891, concluded that the Mesahi ores were 
formed by chemical precipitation as hydrated sesquioxide in the Taeonic 
ocean. In 18H3 H. V. Winchell' first noted the occurrence of the Mesahi 
ores in pitching troughs, with the Pokegaina quartzite as the impervious 
basement, where they were deposited by percolating waters flowing along 
natural underground drainage lines. The ores were supposed to result from 
the alteration of some one type of rock, for the most part not a carbonate, 
which he had not discovered, but from the associations and character of the 
formation thought probably to be a bedded oceanic chemical precipitate. 
•Spurr' 1 in 1894, by detailed microscopic work, determined the original rock 
of the iron formation to be made up of green granules in a matrix con- 
sisting essontially of chert. The green granules were found to Ik- essentially 
ferrous silicate and to have many of the physical properties of glauconite. 
He concluded, therefore, that they are glauconite deposited through organic 
agencies in a sedimentary succession, and that the iron carbonates present 
in the iron formation are probably secondary to glauconite. The develop- 
ment of the iron ores from the green granules was emphasized. He 
followed H. V. Winchell in noting the concentration of the ore bodies by 
percolating waters upon the impervious Pokegama quartzite, and supposed 
the waters to have followed planes of weakness whether this happened to 
be along troughs or arches. Major faults of considerable displacement 
were supposed to account for the localization of many deposits. Spurr's 
explanation of the development of the Mesahi ores from glauconite rocks 
was accepted by N. II. Winchell' until 1900, when he announced that the 
green granules were volcanic sand. 

Spurr's conclusion that the ores have developed from the alteration of 
given granules, consisting essentially of ferrous silicate, has been fully 
confirmed by the work done in preparation for this monograph: his conclu- 
sion that the green granules are glauconite grains has not Wen accepted: 

"Lor. <it. 

Mit-.l. Nwt. Hi«t. Survey MinmwoU. Bull. N... «. 1S1U. 
""Twentieth Ann. K«-|>(. *iv\. Nut. HiM, Survey Minnesota. lKH."t. 
■Miei.l. Nut. lli-t. survey Minnesota. Bull. N<- 1i>, 

<<;«•.,!. Nat. Hist. Survey Minnew.ta, Kin.il Kept.. V..1. V. |:»m, |.|, whmw 
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his conclusion that tin- iron carbonate is entirely secondary to glauconite lias 
not been followed — some of it is secondary, but much of it also is unques- 
tionably original and correlative in origin with the green granules; and, 
finally, his conclusion as to faulting in the area and the relation of faults to 
the localization of ores is not borne out by the present work. 

In 1901 samples of the Mesabi green granules were submitted by the 
writer to the chemists of the United States Geological Survey and were 
found to have a composition indicating them not to be glauconite. On the 
basis of these results. Professor Van Ilise, in his report on the iron ores of 
the Lake Superior region in the Twenty-first Annual Report of the United 
States Geological Survev (11)01), pointed out the analogy in composition 
between the substance of the green granules and iron carbonate and their 
probably analogous development. Since the publication of this report, fur- 
ther analyses of the substance by chemists of the United States Geological 
Survey, discussed in the present monograph, have confirmed these results. 

In the present report also attention has been paid to the cause of the 
occurrence of greenalite in granules and to the similarity not only to glau- 
conite grains but to the organic deposits of the Clinton ores, and the con- 
clusion is reached that the shapes of the granules may Ihj essentially due to 
accretion, replacement, filling, or any combination of them, about organic 
bodies. Thus Spurr's conclusion that the granules owe their shapes to 
organisms is retained with modifications. 

In the Twenty-first Annual Report cited, the development of the ore 
deposits by concentration through the agency of percolating waters was 
noted by Van Ilise and the writer, and the circulation of the water was 
supposed to be controlled by the gentle cross folds in the iron formation, 
emphasized in the ore deposits by the slump due to the extraction of silica, 
by impervious slaty layers within the iron formation, by the overlying 
Virginia slate, and finally by planes of weakness formed by fracturing 
within the troughs. 

In the present monograph emphasis is placed on the fact that, while 
the primary control of the circulation and consequent concentration has 
been exercised by the broad shallow synclines in the iron formation, other 
factors, such as fracturing, slate layers within the iron formation, and the 
overlying Virginia slate, have greatly modified this control and have been 
locally dominant. 
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MINING. TRANSPORTATION. PRODUCTION, RESERVE, (OWN- 
ERSHIP, PRICES OF ORES, FURNACE USE OF ORES. 

MCTIIODS OF MIXING. 

A monograph on the Mesabi district would not be complete without 
brief reference to the interesting economic features connected with its 
mining industries. The writer is not competent to make a technically com- 
plete discussion of this subject, nor would it Ik- advisable to give the neces- 
sary space to such a discussion in a monograph of this nature. It is the 
aim in the following chapter to present in nontechnical language a brief 
sketch of the more interesting and obvious economic features of the district 
which would be likely to interest the general reader and observer. 

MINING BY STEAM SHOVELS IN OPEN CUTS. 

Because of the soft character of the Mesa hi ores and their occurrence 
in shallow deposits much of the ore may be loaded directly by steam 
shovels on railway cars in open cuts. This method may be observed (in 
1902) in the Stevenson, Mahoning, Mountain Iron, Oliver, Sannfrv-Alpcna, 
Hale, Leetonia, Malta, Spartan (pan), Faval (part), Riwabik, and other 
mines. (See Pis. XXIY-XXYIII. XXX-XXXIII.) Several more mines 
will use this method in the immediate future. In 1902 alnrnt 47 per cent 
of the Mesabi ore was mined bv steam shovel. 

The procedure is simple. The glacial drift, or "•overburden," or 
"surface," is stripped from the ore with steam shovels. The thickness of 
the drift removed may be only a few feet, or as much as 85 feet. The 
average is between 20 ami 40 feet. Among mining men the expression is 
common that it pays ro strip as great a thickness of drift as there is ore 
beneath. However, factors other than thickness of the ore beneath 
frequently determine the amount of drift that is advisable to attempt to 
remove. The total amount of drift which has had to be removed from 
•_'so 
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.some of tin- large deposits is very great, numbered by millions of cubic 
vard*. 

When the surface of the ore, or a part of it, is stripped, standard-gage 
railroad tracks arc built out on the ore deposit and steam shovels make a cut 
through the ore. In this first cut the ore in either thrown to one side or is 
loaded on can* brought on a parallel track. After the first cut the shovel is 
set over against the bank and another slice is taken off and loaded on to 
cars run into the cut already made. When by a series of slices or cuts the 
bank or bench or level is carried back far enough, work is begun as before 
on a lower level, and in time this is followed by cuts on third and fourth 
levels, carving the deposit into a series of banks or terraces at several levels, 
against anvor all of which steam shovels mav work, giving access to a great 
variety of ores and making possible a large output in a short time. In the 
Mountain Iron mine the open pit has been made in this maimer to rise in a 
series of ten-aces or levels from the central part of the deposit toward the 
edges. (See 1*1. XXVI.) In the Mahoning mine the cuts have been first 
made in a spiral form, leaving a bank in the middle, so that subsequent 
cutting g«M's on both towanl the center and toward the periphery of the 
deposit. (See PI. XXXII.) 

While the ore is soft it is usually too compact to handle ecouomically 
without blasting, and so a small amount of this is done. 

The systems of trackage vary from mine to mine. In the Mountain 
Iron mine the tracks enter the de|»osit at one place, slightly diverge, and 
run nearly parallel to one another on the different levels. (See fig. A of 
PI. XXII.) The main track goes through the deposit and projects out the 
other end. The ore. however, is brought out where the tracks enter. As 
the ore layers dip in general in southerly directions, the 1 racks cross then- 
strike and enable anv desired grades of ore to be reached. 

In the Mahoning mine the tracks enter at one place, but, instead of 
running straight through the deposit, they wind into the open pit in spiral 
curves, sending out tangential curves to the ditfeieut levels. (See fig. (' of 
PI. XXII.) If in the Mahoning deposit the tracks had been put in according 
to the Mountain Iron system, the shape of the deposit would have ret paired 
the tracks to be run parallel to the strike of the layers, thus making it difficult 
to get access to the variety of ores present. By laying the tracks in spiral 
curves this ditficultv was avoided. 
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Iu the Biwabik mine the tracks enter the mine at one point, make a 
gentle horseshoe bend in the deposit, and come out at another point. (See 
tig. B of PI. XXII.) In 1901 one of the approaches was closed, and the 
tracks have since come into the deposit at one approach. 

The Fayal system is illustrated mi PI. XXII, I>. 

MILLING. 

This is a system adapted to the soft character of the Mesabi ores, but 
only a very small percentage of the Mesabi ores is mined in this way. 
The method is used (1902) in the Norman, Auburn, Adams (part), Jordan, 
Minorca (part), Morrow, Sharon, Fayal (part), and Duluth mines. About 
7 j>er cent of the Mesabi production for 1902 was mined by this system. 

The glacial drift is removed as in open-cut steam-shovel mining: a 
shaft is sunk in the adjacent wall rock to the level of the bottom of the 
deposit and drifts or cross cuts are run out through the ore; uprises, or 
chutes without timber, are sent up to the top from the cross cuts or drifts; 
by blasting the ore is then loosened at the surface, and pushed into the 
chutes by men with mis and shovels; it falls into cars stationed at the 
bottom of the chutes, is trammed to the shaft, and thence hoisted PI. XXX 
shows a view of the apertures of the chutes, known as the "mills," into 
which the ore is tumbled. 

UNDERGROUND CAVING AND SLICING SYSTEMS. 

Caving and slicing systems may be observed in the Penobscot, Burt. 
Sellers, Hull, Rust. Pillsbury, Clark, Union, Chisholm, Spruce. Commo- 
dore, Adams (part), Genoa, Sparta (part), Elba, Franklin, Kanawha, 
Roberts, Fayal (part), Agnew, Corsica, Croxton, Day. Fayal (part), Glenn. 
Grant, Hawkins, La Belle, Laura, Lincoln, Longyear, Minorca (part), 
Pcarce, Pettit, Utica, Victoria, and Wills. About 4*5 percent of the Mesabi 
production for 1902 was mined by these methods. 

Shafts are sunk, usually in the ore close to the wall rock, and in some 
cases in the wall rock, well to the bottom of the deposit, although in 
places not to the bottom, because of the irregularities there likely to be 
encountered. Drifts or cross cuts art? run out, either diagonally or in 
rectangular systems: timbered raises are sent up to the top of the deposit, 
and the ore drawn in from the top by drift slicing. The bottom of the drift 
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is planked. As soon as one level or slice has been removed the surface or 
glacial drift is allowed to fall in or is blasted in, being kept from mixing 
with the ore by the planking at tin- bottom of the first level. Then another 
slice is taken out below on a sublevel, the planking and the surface allowed 
to fall in, as Wore, and so on, always working down. 

In the rooming or square-set method, rooms, consisting of three or 
more sets from 20 to 40 feet wide, are run up from the main drift to the top 
of the deposit, the sides being lagged. I'illars of ore of about the same size 
as the rooms are left. The glacial drift is allowed to fall in from above, 
filling the rooms. The intervening pillars are then taken out by slicing 
either from the top or Wtom. 

Tramming is done mainly by hand or with mules, although of late 
electric haulage has begun to be introduced. 

COMPARISON OP METHODS OF MINING. 

A discussion of costs is out of place in a report the subject-matter of 
which is mainly geologic: but even from the above cursory description 
of mine methods it must be apparent that in general the open-pit method of 
mining is far the cheapest of the methods employed; that the underground 
methods are the most expensive; and that the milling methods are interme- 
diate in cost. 

The cheapness of the open-pit shovel method as compared with the 
underground mining is due to the large production possible, to the fact that 
thuW-ing is not necessary, fewer men are required, lighting expense is less, 
all the ore win be moved (while in underground methods perhaps 10 per 
cent is lost), the ore can be better sorted, it has to be handled but once, 
tramming cost is saved, and the hoisting is by locomotive on a grade rather 
than through a shaft. 

If open-pit steam-shovel mining is so much cheaper than the under- 
ground methods, the question is often asked why any of the Mesabi ores 
are mined by any other method. In order that a deposit may be worked 
satisfactorily with the open-pit ■ steam-shovel method it must have 
considerable horizontal extent as compared with its length in order to 
afford proper grades to the tracks. Tho dejwsit must lie in a position to 
allow of an easy grade to the approach; this condition is met where a 
deposit is on a side, slope. The thickness of the drift to In- removed must 
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not Ixj too great, tor otherwise the cost of stripping will run up the total 
cost of mining. There must ho avnihihle ground with easy {Trades on 
which to deposit the dirt stripped o<F from the ore hody. If there are 
capping: layers of j>oor or unsalable ores these must he removed before the 
good ore can he mined. Or if it is desired to remove interstratified layers 
of good and poor ore independently it is not practicable by tin's method. 
Finally, the annual production must be large. Without a large annual 
production the interest on the preliminary investment for stripping, rolling 
stock, etc., necessary before a pound of ore can be moved runs the price of 
ore per ton up to a high figure. This preliminary investment is in most 
cases large. 

On the other hand, when a deposit is opened up by an underground 
method there is little preliminary investment; no great mass of stripping 
lias to be removed and disposed of: no layers of poor ore have to be 
removed before the good ore can be reached; the accessibility of all parts 
of the deposit does not depend on grade: the mine can be worked all the 
vear round; and finally, the ore taken out while the mine is being opened 
goes to defray current expenses and to pay interest on the investment. 
Thus it is that while, where conditions allow it, open-cut mining costs less 
than half that of underground mining, in many cases it is still advisable to 
use underground methods. 

The milling method is a combination of the open-cut and underground 
methods, and combines some of the advantages and disadvantages of both. 
It costs less than the underground methods of slicing and caving, because 
the timbering is less and all of the ore is saved, but it usually costs more 
than the open-cut steam-shovel method because of the shafts, drifts, uprises, 
and the tramming and hoisting. 

The recent tendency has been greatly to increase the use of the open- 
pit steam-shovel method of mining. More of the new mines are opened in 
this way than formerly, and several of the mines which have in the past 
used underground methods will produce their ore by steam shovel in the 
future. There is also appearing a marked change in the policy of conserv- 
ing ores. In the past it has often been the practice, l>eeause of market 
conditions or because of desire for immediate large profits, to take out high- 
grade ores finding ready sale wherever they were found, without regard to 
the grades that were left. The better, and for the most part the later, 
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practice has been tn determine well in advance, in some cases even before 
any mining lias been done, the {Trades of ore and their distribution for the 
entire deposit, and in the mining to make such selec tion and combination of 
these frrndea as to leave the lowest surplus of undesirable ores. The mining' 
of the ore is planned to the end, as in building' a structure, ami is not influ- 
enced so largely as formerly by temporary conditions of market or man- 
agement. The change is possible largely l>ecause of the new conditions of 
ownership whereby the control of the mines is in the hands of a few large 
steel interests. 

TRANSPORTATION. 

The Mesabi iron ores are transported to hake Superior by rail, and 
thence by lake to terminal lake ports The average rail haul is about 75 
miles. Three railways carry the ore, the Duluth, Missabe and Northern, the 
Duluth and Iron Range, and the Eastern Railway of Minnesota. 

The Duluth and Iron Range Railway carried the ore from the follow- 
ing mines shipping ore in li>02: Auburn, Fayal, Klba, Genoa, Sparta, 
Roberts, Hale, Malta, Kanawha, Spruce, Uuion, Franklin, Corsica, Minorca, 
Bessemer, Pettit. La Belle, Section 33. Victoria, and Wills. 

The ore is delivered to Lake Superior docks at Two Harbors, Minn. 
The docks are five in number, with 776 pockets and storage rapacity of 
162,040 tons. The same railway also carries the ore for the Vermilion 
iron range, and the docks serve for both ranges. 

The Duluth, Missabe and Northern Railway carried the ore from the 
following mines: Adams, Duluth, Pillsbury, Sellers, Bun, Oliver, Day, 
Hull, Rust. Biwabik, Mountain Iron, Glenn, Lincoln, and Spruce. 

The ore is delivered to Lake Superior docks at West Duluth, Minn. 
These docks are three in number, with 960 pockets and storage capacity 
of 167,040 tons (PI. XXXIII, li). 

The Eastern Railway of Minnesota hauled ore from the following 
mines: Chisholni. Clark, Commodore. Mahoning, Penobscot, Satin try, 
Stevenson, Alpena, Sharon, Grant, Pearce, Jordan, Longyeai Agnew, 
Moitow, Croxton, Ttica, I .aura, Hawkins, and Leetonia. 

The ore is delivered to Lake Superior docks at Superior, Wis., two in 
number, with 500 pockets and a storage capacity of 103,000 tons. A third 
dock is in process of construction. 
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The tonnage of ore from the Mesabi range earned by the three 
railways in 1902 is as follows: 

On turrit il fiimi Mcjuib! district hy tlijt'rrnit nii'/iraijs. 
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Duluth, Miesabe and Northern. 
Ea*tem Minnesota 
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hi density of traffic and freight earnings per mile of track there are 
hut half a dozen roads in the United States which compare with these three 
railways, a fact brought out in the famous ore-rate ca..« in which the State 
of Minnesota has made an unsuccessful attempt to have the rate on ore 
reduced. The rate from the Mesabi range to Lake Su|>erior is uniformly 
80 cents per ton. 

The Duluth and Iron Range and the I)uluth, Missabe and Northern 
railways and the docks at their termini are owned by the United States 
Steel Corporation. About 71) per rent of the ore which these roads hauled 
in 1002 was owned by the same corporation. The Eastern Railway of 
Minnesota, as already noted, is a part of the Great Northern system. None 
of the ore carried by this road was mined by the Great Northern, but by 
traffic contracts and fees it controlled 70 per cent of the ore it earned. 

The ore has in the past been largely carried in wooden cars with a 
capacity of 25 to 35 tons. Within the last two years, however, steel cars 
of 50 tons capacity have been extensively introduced. 

Revenue loads for single trains in 1902 averaged 1,400 to 1,730 long 
tons for the three railways, and the loads for double headers on the Lhduth 
and Iron Range Railway averaged about 2. 100 tons. 

From Lake Superior docks the ore i * carried in vessels to L>»ke Erie 
ports, or to Chicago and Milwaukee. The rate per ton has, since the 
opening of the Mesabi range, varied between f)7 cents and $1.29j. The 
rate for 1902 was 7"> cents. 

The larger interests in the Mesabi district control their own lake 
steamers. The largest rleet, of course, is that of the United States Steel 
Corporation, which numbered 112 vessels in 1902, enabling this company to 
carry about 63 per cent of its own ore for that year. 
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PRODUCTION. 

The following table, taken (except for 1902) from the Iron 
Review, shows the shipment, in gross tons, of iron ore in the Mesabi 
since its opening in 1892: 

Protiurtitm in Mmib! <li»trit>t. 



Trade 
district 



N.mr nl 



J. 



Atlanta 

Aetna il-ownxirv. 

Auburn 

Riuahik 

('anion 

Cincinnati 

C'l«nmct I VcfiH 1 . 

Coiiitiiixlorc 

Pultun 

Fay a I 

Frank lin 



Hal.- 

Lake Superior Group 

Malioiiinit 

Miniipwa* 

Mountain Iron (ami Itat h > . 

Norn urn 

Ohio 

Oliver ( 1 1 

[Ynittac.it 

Roliert* 



S9. Ml 

1.645 j. 

' 108,210 370,970 

151.300 90,048 247,069 

24.41H 213.853 359,020 

26.372 17, 1«7 

5. 628 47, 700 

65. 137 7,213 

37.626 

130,60] 

46.017 223. 399 286,423 



234,582 
17, 723 
131, 47S 
242. 565 
10, 261 
57.324 
1«, 280 
22,1X1:! 



3,016 



24. 167 



iMIer* 

Sparta 

William* (North Cincintinti) 



4,245 



HI , 004 
58, 12:4 
117,884 



13, N58 
119,818 



123,015 



2,140 
573. 140 

:w,sw» 



248, (145 

23i,oso 

17. 136 
70, o<m 
67, (150 
167,245 



28,943 
505, »55 500,377 



371,274 142,021 
93, 302 77,523 
fW.tOT 



47, 43.3 



808, 201 



153,037 



3.046 11,240 



170, 73* 



175,263 
427, 404 



32. 912 
12,215 
00, 798 



642.939 
30, 128 

309.514 
13, 728 

250, 012 

519. 892 



773,538 
101,077 
47,350 
601,072 
11.93,3 
18,614 



tki, 722 



Total 4,245 613.020 1.793,052 '2.781. .587 2,882,079 4,275,809 

_ ' I I ■■■■ I . 



Nam* <-f mint. 



.V lam* 

Aetna (Low more) 

At-new 

Auburn 

Kiwahik 

Canton 



390,860 720,474 



235, (WO 385,992 
383,180 653, 830 
99,498 



777, :• 



9,118 



263, 692 
924,868 



427,510 
410, 074 



T.italv 



45,582 
38, 283 
623, 128 



4, 425, 162 
19, 368 
45,582 
2,143,028 
4,053. 7.32 
713. tus 
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N'alntr o( mine. 



law, 



Chinholin 

Ci minnal i 

Clark 

Clno.net (Vi-pu . 

Columbia 

Cmninotlnr? 

Connra 

Croxton 

Day 

Duluth 

Elba 

Faval 

Franklin 

t u'lu « 

Gk-tiii 

Grant 

Halt- 

Hawkins 



80,494 



Jordan 

Kanawha 

U FMle 

I<ukv Superior Grmt|>. 

I.aiin« 

I<evt«ni« 



18,651 
112. 1W 
504 

575, 933 

200,400 
279, 677 



135,404 



Lincoln 

I...nirn-nr 

Mahoning ' 520.751 

Malta | 

MinrifwaM 

Minorca 



246 
1,621 
152,947 



03,071 



278.416 



34.573 
199,500 



15,627 
3.1, 546 

26.83S 



2oo.tc» 
350. :w 



1,975 



I 



128,587 ; 150,1.12-1 



9,547 121,707 224.630 
1,072,257 i 1,252,504 \ 1 , 056, 973 



00.000 
270, 559 



is, 807 



168. 524 
253,851 



39, 299 
332, 022 



32,901 ; 30,929 



14,903 



154, 326 



04, 21* 



41,300 



2*4,023 



750, 341 
28,015 



911,021 
05, 34*1 



594, 761 



705, 872 
1215, 299 



05, 833 
59. 2!»4 
18,594 

106. 516 

150.220 

214. 447 
1,(119, 173 
84,534 

399, 719 
23. 875 
51,940 
54. 289 
5,892 

147.931 
24, 830 
70, 7.V1 

706.312 
3. 575 
28, 785 
87. 779 
22, ~:v> 
l.l WO, 143 

192, 874 



Morrow 

Mountain lr.ni (ami Rath)... 650.955 1.137,970 1.001,324 

Norman 110.141 

Ohio 101.607 2H3.651 172,597 

OliviT ill 349.100 244,870 

I'.-arcv 



IVnnWnt . 
IVttit 



FilWrnrv 

K •! K.-rt*' , 

Stiuutry-Aluena 

S-« 33 



29.652 



99.091 



85.019 146,041 



1,058,100 



5,420 



221,000 



100,487 101,032 120,723 
57,847 41,965 42,750 
53. 004 68. 5(i0 32*, 739 



35. 500 
35, 572 
1,629,570 



5, 131 
54,885 
209, 431 
17, 278 
238, 122 
28. 972 
249, 837 
4. 213 



235.202 
134,041 
613. 436 
103.444 
15.627 
708, 447 
86,132 
18,594 
12". 142 
744,047 
570. .V«5 
7,505,025 
1,370,410 
! , 8158, 278 
23. 875 
51,946 
279. 447 
5, 892 
147,931 
145,311 
70, 753 
2, 320, 520 

3, 575 
28, 7S5 
87, 779 

22, 735 

4. 783. 149 
413, 134 
15,098 
35, 500 
35, 572 
7,462. 321 
421, 132 
714,073 
3, 143, 237 
54. 8S5 
704,350 
17,278 
606,055 
190, 154 
700, 140 

4, 213 
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2b» 



Sami- •■' mm. 



Sharon 



Sprue*' 
St«"V«MU«oii 
I'nion .. . 







so, -m 




237, u.\ 

i 


202, 144 
101, K75 



Mi, (01 
s.297 



34,91k 
.VI, 810 
l.irt, 42li 
279,515 
fi»W, 273 
low 









12,357 


IS, 23* 








Tow) 4,»i!3.7«« 


fi,tl2«,3*4 


7,809,535 9,004,K90 



193,42* 
224.520 
252. «74 

543,:«»7 

1,424. MM 
103,521 
9, 009 
2b, 465 



12, 159 



772. 72S 
2*1.3*; 

1, 141,2115 
924. 5S7 

2, 147. IHS 
204, 927 

9,009 
2»,4«5 
44, S90 
12, 159 



53,734,920 



In 1891 the district hud not been opened up. In 1895 the Mesabi dis- 
trict became the largest producer in the Lake Superior region, that year 
passing tin? Marquette district which, since 1854, had held first place. In 
1901 the total production of the Mesabi district was 44 per cent of that of 
the Lake Superior region, and two and one-half times as much a* its near- 
est competitor, the Menomiuee, which in 1901 for the first time surpassed 
the Marquette district in production. The combined production of four of 
the largest producer* in the Mesabi district for 1901, the Mountain Iron, 
Fayal, Adams, and Mahoning- mines, was greater than the total for the 
entire Menominee district for the same year. Heginning in 1899 the Fayal 
and Mountain Iron mine* have shipped over a million tons each year, a rec- 
ord which has Wen made by no other mine in the world. The Fayal sliijn 
ment in 1901 was l,(i50\973 tons, an amount almost as great as the 
shipment for the entire Vermilion range for the same year. Largely on 
account of the Mesabi production the State of Minnesota in 1901 passed 
the State of Michigan as the largest iron producer in the United States. 
In total shipment the Mesabi district is still l>ehind the Marquette district. 
At the c lose of 1901 the Mesabi distinct had shipped a total of 40,404,9f>7 
tons, while the Marquette district, open since 1854, had shipped 62,847,473 
tons. 

Comparing the Mesabi shipment for 1901 with that of the United 
States, it appears that the Mesabi district shipped 33 per cent of the total. 
MON xi.ni •« 
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Ia 1902 the Mesabi shipments showed an increase of 41 |>er cent over 
ite own shipment tor the preceding year and constituted 49 per cent of the 
total Lake Superior shipment* for that year. 

An examination of the general map of the Mesabi district (PI. 11) 
shows that then* are many iron-ore deposits on the range which have not 
yet shipped ore. This is because of their grade or because of their late 
discovery or because they are controlled bv companies which have enough 
ore for present shipments in probities already opened up. By leaving the 
ore untouched, taxes and the interest on the large investment necessary to 
open up a mine are saved. Other mines have been opened up and but 
small shipments made because more desirable ores or more cheaply mined 
ores were controlled by the same company in other mines. With the mines 
already opened up, including the steam-shovel mines, the annual production 
of the district could be enormously increased without opening any more 
deposits. 

ItKtfKKYK lONN.UiK. 

The tonnage of individual properties ranges from a few thousand tons 
up to n possible maximum of 70,000,000 tons. Several deposits are 
known to have Ix-tween 20,000,000 and 40,000,000 tons of ore. The total 
amount of ore of present marketable grade — that is, containing above, per- 
haps, 58 or 59 per cent of metallic iron — at present in sight on the Mesabi 
range has been estimated at 500,000.000 to 700,000,000 tons. Six hundred 
million tons is a commonly accepted figure. Of this, with proper mixing, 
perhaps GO to 70 per cent is Bessemer ore. These figures are necessarily 
based on incomplete data, but they are commonly accepted by those best 
qualified to judge. Ore running below 58 or 59 per cent in metallic iron 
is known to be present in enormous quantity, but the amount has not been 
estimated nor are the data for an estimate likely to be available for some 
time to come. Within recent years steps have been taken to reserve the 
best of it. Ores running even as low as 50 per cent, while not exploited, 
are being put aside by the large companies for future use. At the mines 
where it has been found necessary to move low-grade ore in order to get at 
higher- grade ores, the low-grade ores are in some cases being stock piled 
where this can be done at a small cost. 

The aggregate amount of high-grade ore in sight up to 1902 on all the 
"old ranges" of the Lake Superior region has been thought not greatly to 
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exceed 3f>0,000,000 tons. Even if tlie estimates fur the Mesabi range and 
the old ranges are considerably away from the truth, it is certain that the 
Mesabi holds a commanding position in the region in its reserve tonnage. 
When it is remembered that even before the discover}' of the Mesabi ores 
the Lake Superior region was regarded as the richest irou-ore-bearing 
region in the world, it is apparent that the .Mesabi district has no peer. 

OWXKKMIIIl* AXI) CONTHOJ... 

On the general map of the range are indicated the principal mining 
properties known up to the time the map was submitted to the printer. 
This information is based iwutly on a list and description of properties 
prepared by Mr. J. II. Gruber, land agent of the Eastern Railway of 
Minnesota, for property owners in the Mesabi district, to aid in the appor- 
tionment of taxes, but shows many subsequent additions and changes. 
The large amount of exploration and the rapidity with which discoveries 
of ore have followed one another make it certain that before the map comes 
from the printers iron-ore properties other than those indicated will be 
known. Moreover, properties are rapidly changing hands and the names 
of the mines are being changed, with the result that some of the names 
shown on the map will be superseded. The name of the mine or leajse 
rather than the name of the owners is given whenever a name has been 
assigned. It has been the aim to include only such parcels of land as 
actually contained ore, but it has not been possible consistently to follow 
this procedure. It seems best in some cases to include the entire block of 
land covered by a well-known lease; for instance, the Kanawha mine is 
shown on the map to cover four forties, while only the southerly forties 
contain the ore. 

For the sake of convenient reference by mining men, the sections 
have been divided into forties. Where quarter posts have been found, 
subdivision has been based on their location. Where not found, the sections 
have been proportionately divided. In this connection it may be noted 
that the subdivisions of the sections in the vicinity of Virginia and Eveleth 
and thence eastward to Mesaba station have been made by Mr. D. L. 
Fairchild for the Minnesota Iron Company and kindly furnished us for use 
on the accompanying map. 
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To give a full ami accurate list of the owners of the iron-ore proper- 
ties would require an amount of labor which is scarcely warranted by the 
scope of this report. Moreover, the list would be out of date at a number 
of points before the books come from the printer, so rapidly are the newer 
properties changing hands But in order to show the extent to which the 
control of the ore is concentrated into a few hands, the names of the com- 
panies or individuals controlling the shipments for 1902, and the mines 
operated by them, are given below : 

United States Steel Corporation: Adams, Glenn, Auburn, Chisholm, 
Clark, Day, Duluth, Faval, Genoa, Lake Superior group, Mountain Iron 
(and Rathbone), Oliver, Pillsbury, Sauntry-Alpena, Sellers, Spruce. In 
1902 the United States Steel Corporation mined about 6<> per cent of the 
total Mesabi production. 

Republic Iron and Steel Company: Franklin, Union, Victoria, iVttit, 
Wills. 

Pickands Mather Company: Klba, Corsica, Minorca, Utica, Malta (with 
St. Clair). 

Interstate Mining Company (Jones & Laughlin): Lincoln, Grant 

Donora Mining Company (Union Steel Company): Penobscot, Sharon. 

Joseph Sell wood: Hale, Kanawha, Croxton, Leetonia, Longyear, 
Morrow, Pearce. 

G. A. St. Clair: Malta (with I*. M. Co.), Sparta. Sec. 33. 

Corrigan and McKinney: Stevenson, Commodore, .Jordan. 

Todd, Stambaugh and Co.: Mahoning. 

Biwabik Mining Company: Biwabik. 

Fay Kxploration Company: Laura. 

Drake. Bartwell and Co.: Roberts. 

Deering Harvester Company : Agnew, Hawkins. 

In most of the properties other parties are concerned, either in the fee 
or lease, but not directly in the operation of the mine. 
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I'KICK <>K MKSAHI ORBS IX COMPARISON WITH OLD RAX(!K OKKS. 

Below are listed flit* prices of Luke Superior ores nt terminal lake 
ports from 1891 to 1901, quoted from figures given by A. I. Findley, 
editor of the Iron Trade Review: 



I '/■'> , a of L'd r S,ij„ r>'"r»rr*. 



Mttwlji Btwinrr 

Meaahi non-lk-sMiuer 

Mannu-ttf »|ni'iilar Xo. 1 Benseiner 
Marquette tquviilar No. 1 ni.ti-HwmiT 

Chapin 

Soft hematite*. N<>. 1 non-lk-ceriner 

(iiyeluc, Marquette, ami Menominee 

N". 1 liexfemer hematite* 
Minne-tota X«i. 1 hanl ItemiMier 
Vermilion N<«. | hanl 
Minnewtta No. 1 hanl non-Buwemer 
t'hninlU-r Xo. 1 Hewiner 
Marquette extra low-phiwphorus 

mer 

Republic ami Champion Xo. 1 



l.r».i«\ 



Merahi ik-MWincr.... 
Meaahi noii-Re-weiiier 
Marquette ypettilar Xo. 1 
Marquette H|»i-nlar Xo. 1 non-ltetwnier. 

C'hapii) 

Soft hematite*, Xo. 1 non-llctwemer 

ti*Wf, Marquette, ami Menominee 

Xo. 1 lWwmer hematites 
Minnesota Xo. ' har<l He*»emer 
Vermilion Xo. 1 hanl 
Minnesota Xo. I hanl non-B«*eii)er 
Chamller Xo. 1 Hewemer . 
Marquette extra low-phoophoniH llnw- 



K. pul.lic ami Champion Xo. 1 
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Menhi Buweuier. 
Me>abi mm- 
Marquette «iw«.'ul«r No. 1 Bessemer. 
Marquette hpeciilar No. 1 I 

Oiajiin 

Soft hematites, No. 1 non-Beiwmer. 
Gogebic Marquette, and 

No. 1 Bememer hematite*. 
Minnesota No. 1 ban) 

Vermilion No. 1 hard Bensemer 

Minnesota No. I bard non-Bemeiner. 

Chandler No. 1 Bememer 

Marquette extra lnw-phoflphonu Heat 

mer 

Republic and Champion. No. l 



?'.». 2ft to f 2. 40 

1. HOto 2.10 
3.21 to 3.50 

2. 50 
2. 73} 

2. Oil to 2.1?. 

2. 80 to 3.2.'. 

2. til 



I 



14.40 to*!. HO 
4. 00 to 4.2.'. 
5. 03 to <S.48 
ft.OO 
4.HS 
4. 15 to 4.215 

ft. ftO to ft. 7fi 



?2. 75 to *3. (X) 
2.3ft to 2.tlft 
4. OH to 4.W2 
3. Oft to 3.Sft 
3. 7H 
2.SMo 3.15 

4. 2ft to 4. lift 



ft. 10 



4. OS 



3. ai 


ti.00 


4.02 


3.8ft to 3.90 


ft. 80 to O HO 


ft. Oft to ft.7S 



FURNACE USE OF MESABI ORES. 

When Mesabi iron ores first came on the market it was not found 
practicable to use them to a greater extent than 33 per cent of the furnaee 
charges, for the reason lhat, because of their soft character, they packed in 
the furnace. The term "flue dust" was commonly applied to them. Since 
that time the percentage used in the furnaces has steadily increased until in 
1902 the average furnace mixture contained 4I» per cent of Mesabi iron ore 
and 51 per cent of old range ores. In other words, they are mixed on an 
average in about the proiiortion of their production. Individual ores are 
used in proportions ranging from 35 to 100 jier cent of the ore burden. It 
is not unreasonable to expect that, considering the relative abundance of 
the Mesabi and the old range ores available, the percentage of Mesabi ores 
used in furnace charges will slowly increase in the future a* it lias in the 
past. This change results in part from the present tendency to decrease 
the height of furnaces from the maximum sizes readied in late years, thus 
giving the ore less opportunity to pack. 
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EXPLORATION. 

Exploration tor iron ore in the Mesabi district is partly a matter of 
chance, an it must he in any ore-hearing district and esjiecially in a 
district heavily covered with glacial drift. The iron ore thus far found in 
the Mesabi district, however, has been within certain limits. 

Ore is confined to the Biwabik formation of the Upper Iluronian 
series. The accompanying geologic map shows the distribution of the 
iron formation as indicated by the facts available up to the time of its pub- 
lication. Where exploration has been insufficient, as in the western jK>rtion 
of the district, further work will show changes in the iron-formation 
boundaries. Examination of the drift may help to determine the boundaries 
in doubtful areas, for it is an observed fact that fragments of the iron 
formation have not been carried far in great abundance. The drift frag- 
ments have been earned in one direction, from northeast to southwest, and 
the discovery of fragments of iron-formation rocks indicates that the iron 
formation must be either beneath or to the northeast. Magnetic work may 
also be of assistance in locating the iron formation. In the productive 
portion of the district the iron formation is essentially nonmagnetic, yet 
over the area of the formation the magnetic attraction everywhere shows 
minor disturbance and this disturbance is particularly marked near the 
northern boundary of the iron formation. 

The workable deposits thus far discovered are confined to the portion 
of the iron formation west of Mailman camp, in range 14. East of Mesa ha 
station the oxide is largely magnetite and the associated rocks are aetinolitie, 
griineritic, slaty, and crystalline. Magnetite with such associates has not 
been found in workable deposits either in she Mesa hi district or in the 
Penokee-Gogebic district, and if the explanation of the origin of magnetites 
given on preceding pages is correct, there is reason to believe that no large 
deposits of ore will be found in this area. 

a»5 
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The westernmost ore deposit thus far discovered is in R. 2"> W. The 
ores near this western limit contain almndnnt particles of silica resulting 
from the disintegration of the chert associated with the ore, giving the ores 
what is known locally as a "saintly" character. Such ores can be used, 
however, by washing. The western limit of the area in which ores may 
be found in the future is ais yet quite unknown. The maip of the district 
accompanying this report covers an area extending only a little way west 
of Grand Rapids. It is certain that the iron formation extends well 
westward although deeply covered by glacial drift. Magnetic work and 
examination of glacial fragments has already shown the extension of the 
iron-bearing formation for several miles west of the limits of the map. 
Fig. 8, p. 203, shows the possible westward continuation of the belt and its 
connection with the I'enokee-C Jogebic series. If the concentration of the ore 
deposits is dependent upon vigorous circulation of the underground water, 
it may be suggested that the apparent flattening out of the Giants range 
toward the west may not give the waters of this area a sufficient head to 
circulate vigorously through the iron formation and concentrate the ores. 
The low-grade and sandy nature of the ores aviso may be in some way 
connected with this feaiture. However, it may be that the rock surface 
still has a considerable slope which has been covered and obscured by the 
drift, and if this is the case there is no apparent reaison whv ore should not 
be there developed. Certainly exploration for ore is wan-anted well to the 
west of Grand Raipids. 

Unexplored land in the vicinity of known ore deposits is more likely 
to eontaihi ore than is unexplored hand in the vicinity of areata which have 
been explored and found barren, for in the former caase it is certain that 
the conditions, iia the aareai aas aa whole aire favorable to ore concentration, 
while in the latter they mayor may not be. Applying this principle to the 
district in general, unexplored land in the central portioai of the district is 
likely to yield larger returns in exploration than unexplored lands in the 
western amd eaistern ends of the district While tare has been found in the 
western portion of the district it is not nearly so abundant ais thait fount! 
with ait equivalent amount of exploration in the central portion of the 
district. It has been estimated that about f> per cent of the aireai of the 
iron fornaaition in the entire district is underlain by iron ore, while for the 
central atrea, between Mesaba station ami the Hawkins mine, in R. 22 W., 
iron ore underlies more than 8 per cent of the surface. 
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The ore deposits have not been found in the portion of the iron forma- 
tion which runs under the Virginia slate, nor are they likely to be found 
there, for the reasons that the circulation accomplishing the secondary 
concentration probably is not vigorous under the edge of the shite (see 
pp. 26fi-2«7): that the iron-formation rock there f und has usually a fresh 
unaltered green character; and finally, while the slate has been pierced in 
a few places by drill holes, no ore has been found any distance under the 
true black slat", although the same number of holes similarly distributed 
almost anywhere else in the iron formation has scarcely failed to reveal ore. 
Attention is called to the fact, however, that the absence of ore under the 
black slate has not yet l>een demonstrated by actual drilling. Considering 
the magnitude of the new field opened further drilling seems warranted. 

Being confined to the part of the iron formation not covered bv the 
Virginia slate, the ore bodies for the most part lie between elevations 1,450 
anil l,7o0 feet above sea level. Most of tin? iron formation north of the 
slate is between these elevations, so that this is simply another manner of 
stating that the iron ore is in the part of the iron formation not covered by 
the slate. 

The iron ore is more abundant alxmt midway between the north and 
south areal boundaries of the iron formation than elsewhere, as shown by 
the location of the existing deposits: yet many deposits are known to 
crowd both the north and south boundaries of the iron formation. 

The ore deposits frequently underlie surface depressions. Their sec- 
ondary concentration has been largely though not entirely along structural 
synclines; the leaching out of silica during concentration has caused a 
decided slump in the deposits; subaerial and glacial erosion has cut down 
the deposits perhaps to a larger extent than the surrounding harder rocks. 
The heavy and irregular mantle of drift deposited over the area by the 
glaciers has tended to obscure depressions, but in a large number of cases 
the underlying rock trough receives some expression in the overlying drift 
Surface-drainage lines therefore are excellent areas to prospect. This does 
not mean that all surface-drainage lines mark the course of ore deposits, 
for the ores have not developed in all rock svnclines, and, moreover, the 
depression in the glacial drift containing the surface drainage may be quite 
independent of the underlying rock topography. Neither is it true that 
every ore deposit occurs in a depression in the rock surface, for, as shown 
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on pages 269-274, the ores in developing along planes of weakness below 
water level have not necessarily l>eeii confined to rock troughs, and often 
where so confined subsequent erosion may have cut down adjacent areas so 
irregularly as to leave the ore in higher areas than the surrounding rocks. 

Northward swings of the northern margin of the iron formation or of 
the Pokegama quartzite may mark synclinal basins formed by the folding 
of the Upper Huronian series (though they may also mark areas in which 
erosion has not cut down so deep as in adjacent areas). As the ores 
commonly develop in synclines, the location of the synclines in this manner 
may be of assistance. As a matter of fact, however, the position of the 
northern margin of the iron formation is for the most part known aifter, and 
as a result of, exploration in the iron formation. 

The ore deposits being localized by underground circulation and the 
underground circulation being limited by slaty layers, the location of such 
layers may give some information as to the direction in which the explora- 
tion should be carried. Because of the dip such slat} - rocks may come to 
the rock surface. It is a fact that there is scarcely a large deposit in the 
district which does not show layers of paint rock, the altered equivalent of 
slate, below or above, dividing the deposit, or at any or all horizons. But 
in a given locality there is difficulty in determining whether the slate is 
really an interstratined layer in the iron formation, which may be associ- 
ated with ore, or is the Virginia shite, which is probably not associated 
with ore. 

In general the slates within the iron formation are perhaps more 
jointed and broken up into small parallelopiped blocks than is the Virginia 
slate; they have a predominance of red and brown tones, due to their 
lnrge content of iron, as contrasted to gray and black tones in the Virginia 
slate; they are more siliceous and brittle; and they contain a lower percent- 
age of alumina. Because discrimination by these criteria is so frequently 
doubtful, the position of the slate with reference to the supposed iron- 
formation boundary, or with reference to surrounding explorations showing 
iron formation or slate, is likely to be the guiding criterion in determining 
whether the slate belongs to the iron formation or to the Virginia slate. 

The ore deposits have not yet been found to be covered by any con- 
siderable thickness of barren rock for any large proportion of their area, 
although shelves and irregular masses of rock project from the walls put 
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over the deposit or into the deposit, or islands of rock may be surrounded 
above, below, and on the sides by ore. Wherever drills have reached ore 
in quantity after penetrating any considerable thickness of rock it has been 
found that the ore appears at the surface a short distance away. Up to the 
present time there has not been enough deep exploration iu rock to prove 
the nonexistence of ore in bodies entirely covered by rock and nowhere 
reaching to the surface. In view of the fact that all ore thus far known is 
only very locally and very partially covered by rock, shallow exploration 
over wide areas is likely to show the greatest percentage of finds, but deep 
drilling is also warranted. In the future many areas in which there has 
been shallow exploration will need to be explored deeply to prove whether 
or not ore actually occurs beneath them. 

The ore deposits are associated with characteristic altered varieties of 
the iron formation which are familiar to all who have worked long with 
the ores. Nearly every mining man or explorer has in mind certain phases 
of the ferruginous chert which he is accustomed to associate with ore 
deposits. Pis. X and XI show several of the phases frequently associated 
with ore On the other hand, other phases of the iron formation are seldom 
found in association with ore, and thus are avoided in exploration. Figs. A 
and B, Pis. VIII and XII, represent certain of these phases. Further dis- 
criminations are made by Mesahi explorers, but they are not described 
because of doubt as to their general application. 

The question has been asked, "What are the chances of finding ore in 
the Lower Huroniau and Archean rocks?" Iron ore is known in both series 
in other districts of the Lake Superior region, and there is no a priori reason 
why ore should not be found in either or both in the Mesabi district How- 
ever, both series are fairly well exposed, have been thoroughly examined, 
and not only has no iron ore been found, beyond a few ferruginous dis- 
colorations in the hornblende-schists, but no iron-formation rocks have been 
discovered. Stray fragments in the conglomerate at the base of the Upper 
Huroniau show that iron-formation rocks were present in the Lower 
Huroniau and Archean areas from which the fragments of the conglomerate 
were derived, but they may have come from a considerable distance outside 
the Mesabi district, perhaps from the Vermilion. 

Exploration should be governed by the above conditions so far as they 
are known, but it is never possible to know all of these conditions in 
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ailvance of exploration. When the district was first explored none of them 
were known. To-day but a part of them are available for locating explora- 
tion, but all of them may be of assistance in interpreting the facts brought 
to light after exploration has once begun. As a matter of practice but little 
exploration has been done in which all these criteria have been taken 
advantage of, particularly the criteria developed from the flowage of ground 
water. In most of the cases a part of them have been used, but they 
have been subordinate to other conditions — the lands available for explora- 
tion at the time, favorable terms, etc. The unit of land transfers is one- 
sixteenth of a section, or 40 acres, ami it has been a very common practice 
to put the holes down systematically over the "forty"' regardless of any 
criteria for closer location of the ore which might have been present. 

Exploration is done in the Mcsabi district by test pitting with pick and 
shovel, by churn drilling, and by diamond drilling. In the early days the 
work was done almost entirely by test pitting. In later years drilling has 
come commonly into use. In the year 11)02, 200 drills, diamond drills 
and chum drills, were continuously in use in the Mesa hi district. A hole 
is put down entirely by drilling or by test pitting until water or rock is 
struck and then by drilling below. Heeause of the fairly soft character of 
the formations churn drilling, in which the cutting is done by percussion, 
is more common than diamond drilling, in which the cutting is done by 
rotation of a steel bit with diamonds set in its periphery. The cost of test 
pitting since the opening of the range has varied from 81.25 to -53 per 
foot; $1.25 is the present price. The cost of drilling has ranged from 
82 to 83.50 per foot for ore and from 84 to 87 for rock, depending upon 
the nature of the ore or rock. The higher prices are the later ones. 

E. J. Longvear has called attention to errors in determining the true 
composition of an ore by drilling. The choppings of the drill are brought 
to the surface by water forced through casing pipes, are allowed to settle, 
are dried, and then analyzed. If the ore is nut allowed to settle for a 
considerable length of time the lighter materials associated with the ore are 
likely to be retained in suspension, and the analyses of the ore therefore 
show a higher percentage of ore and phosphorus than they ought to. A 
mixture of blue ore, brown ore, yellow ore, and paint rock was analyzed, 
ami found to contain 59.23 per cent of iron and .0*7 per cent of phosphorus. 
When treated with water and allowed to settle for twenty minutes, dried, 
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and analyzed, the content of iron waa 60.80 per cent and the content of 
phosphorus .094 per cent. When allowed to settle for sixteen hours, dried, 
and analyzed, the content of iron was found to be 59.67 per cent and that 
of phosphorus .088 per cent." 

In no other district of the Lake Superior region, or for that matter of 
any other region, have the rewards for exploration been so great as in the 
Mesabi. Since the opening of the range practically every explorer who 
has gone at the work systematically and on a large enough scale has suc- 
ceeded in finding ore. 

« Trans. Am. Inst. Min. Eng., Vol. XXV11, 18UB, p. 640. 
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u* u MMiri i 1 o! in if i for tMii !• itiiijiIok. 
<h'jtit*iti>in of, n» r . 

<!l-^|lfiUtlu!l of. J| U- m". 7'-. 7? 7.. SLL 

.'■luivn'i-tii*" to * •k , [«hkf niul Knftt 1 LjiKi (of nmtli'ti*. 

rrvi*iM:i nf, LL. 

in ,SrrS-. iin Jiri-i on:" 

r.nir < arlIoii k'i<1 <']i*pii'i. hi 



[jiut-r Hunmmn *. rit-o n»*Rr MS*ivfppi Kiv.-r. iiu 
of Uikr Htij-'tior nifi^i;. Jil 

I|H»v.|kility of iron ort-* in j^j • 
rt'lHtionxio ,.thi-r ^ri.-*. 7t>. ?t >■! n;. l^v Tw, 
vo|» .|iyirt/ III. tiL 
liOU'.r Hiitiii ivf Kii wntln, i 
Muk-tiftK ..ittntr iUm in cxjilorHiloti. -T. ^ 

io/ir Kinil- rt> . in 
wy-t oft»mii»l lift | ml-* -hu 
Miurm-lltc iilu-nniini fr<nii »rrxrtialSt»-. m. jja. 
jinnl\>!> of. i^i. 

of tiltiTiM I^t«i r Hiir.-mnii fH'k-- ni. 
| of Hiuul'lk f-nitiHton ti^ir y«i>hn., 2h S, :,"» |; \\ ^ 
Lifl- i'TJ. 'J7:t: ptiot'irnU rocnipU of. 1 *Miuuiiirv ot. 
17- It 

of DuJuth irsM.To. niiiily*^ ,,f. 
tif Inm urv ik pH^itv 2Lti. " ' 

"f Kl ■« t't'llllUAII llllltltlX . IV' 

uf Iv-wJil'ic i|iuiTw1tv. aL 

of sut^ ritv -ime i.f niti'h tjik*-, 

oH(fin of. Ui, Jja. 
Miiuitajii-w In Iron *nv <h\«>*\\'. 2\2. 2.1 1. "i 
Mnnlton |-[ou .ii Ki'trtt.'iidWHii, il, ih. 
Moihttou Kivi-r, 1'ur ku uiijrr i'ung^]oinvr«tv oii, -^L. 
Mil lit l, niml\H<- hr. -'H'. 
Mnlliimu. r» r« rr»-*1 to. Ju. 
Mnllinitu ('amp uiiKttr irntiiili- nrjir, Is. 

rork* mur. ill UL "kcii-ij, &U. 
M»ltj» rutin-, wmly-v *►! Imi oh.- from. 21 1, '"fi 

'kp'l. of. laii. 

flupm* ui from, 

»Uniu-<-hiiii-l iiilulna: In. ,> ^» 

tr«ri*t«<|-tatln[i of iroit tin**, 
MahoiiiiiR milH*, Aiuilym •■* ot iron ori> Irrnit. 21 -4. 'i^ 

unulikiK of fvrniif1in«ii* vturt. j 
■ *rtl* l» s on. r^fvrrtil t<>. M. iii 

coriKU'UuTMtf in, jpi ' ^ 

iK pth of, JUa. 

, ftTTUifHii'ii" chort of BiviHMk fo^rDuition, p^tc of, L^. 
1 lEuionltr in. zlli. 

pttint n^ k of Klnnt.lk fonantiuti. *<imly?i« of, u»-i;*K 
pl«i>- «»f, liL 

pllllJ Of Inn-Id, jjNQ. MM 

fhtpnu-iit front. 

Mt-iiin »>ho\ i-l in liklriic in. ">t 
tmtuportiilhnti <»f iron on*» ^1 

VlfU of, -Atf. 

Miipftf M*«s«i'i <llMrl(-l l>y 1". > t n -tii(«irnl Mirvi-y, in \«* ki't. 

hy Miiim **i:»t mrv»-j . n frm*fl to, ilL tilL 
Mnr- k. rvh rr.-*! to, £iL 

Muri'-kti. r llurticiiaii o-^iirloinonit*' iitur, 7S-7*. a^. 

Mur'im tU <U»>trir l, An-hrnn ••ttllini'til*' In II_ 

<-nn|o11 Of. -1^ 

L r hhK-rlU'-<M'hH ffi'iii. ML 

uioTt'vmph * LL 
Mnr|U«"ii- 1 n it j .-n-* uiuitlti- In, JZ± 

a oijipuri^^l W illi Vlv^ul-l <>n», '/Ttj. 

origin of. '-*77 ^ 

prlM-i.f -"^ - H >* 

-iilpin- hi of. 
Mittthi-M , rrft-m-'l lo. iL. 
Mi'K.i»kiU, hihu n-U-m'**l 2a. 
MrKInk >. lis. 

An lo iiti mi k* m-rtfi i*r. £5. 

<ll»rovi -rr uf inm or* 1 mux. 

i;itM 

milm it.* t-itiiif'tioii*, 
>ttr..l'.in 4 Xj»lttrili.iri it]iaU«i» of r»lnt»- from. 1*'.' 
Mi ^S*. A. I'., /iiiiilvw* hv, LLL LkL LLL LLl. 
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MtivHIr W. 1L. unnly-l* t.v, *£L 
Mi'EM'inttut' 'll-trici. C«TnUrinn In. 

nn mi >tfni['h on. LL 

origin nl in hi ijt«* In. 

•>iij|<UJiikt from. 
MVnutuUu-o nurlr* i'i^tl\«lL-rnv m Anlmtkk ■•Tie* 11. 
McrritU n lPTnil Li.^L^Lili. 

M-l'-siNu *>t«t:Miv mmrm't of I^-wvr Hun»nUn M-rUtm-nt* and 
jtntulu- north >>i. li. 

i-X|>lntUtJiitl ti«-ur,lLL 

k. rrutcmo*i* chrn ivith wntnuk-*, ]>h<rt«>mirpijrnnili of. 

li i*i*vtm*.'n V*I1V! . 
railway ivmu-rlfiin* of. li. 
M*-<*hi syn*llcnto«'"iN|Miiy. £L 

M.swM riiU'f uilnr ft rruiflnniiw rinn «iuih*i* »>f kw,. Uii 

MfSAhk it Kl**v«'jitii monitao. it. lai 
ruiifcv, tlHMojf ,>f, j£, 

flfVtltSoU of, ii_ 

►hLpmi'nu from. Ja. 

u-f of (» nn. £»-2fi. HL 

i N ' GUiM* llllltft' > 

M<-wiu j< , ul^iuri- nf in Mw*tibi di*trk I, 1M. 
MotflfMiwill* iN- HiL-aJt*. i 
UviaiMtrlit* (,Sr» pi-k-rtit 1 *. i 
Mien in £mii unt d*|Moit«. 21L. 
iSit ni(i«1lc i 

MlcMimi" ^iwrtjt *\ntv i »f )*ok«-#ama formation, di-*rrl^>l 

I.**' lNikrSBiim qiuirtxiU'. ' 
Mlc«-M-ltlj»tf t*f Arclicnn. UX ttewriU**), fifi. 

<1fvi>lofuufU( <»f . £2, ZL £L 

iiu'ludtil iti irntnlU', ttL 

oi Aitiniikir, iiL 
Mkl 1**11 Imu orm, «j*tln- In, yr.y 

*^iD|Mirl->it with \k-*at>l iptli w\*. 2I1L 

julrc i if, ^ 12U- 

nhlprni-nt oi. ailL 

rwni' (omuiKiL' of, JVO, a') 

;V» J'riiok«'t- ifiiifcNit'. Mnnjuvt;* . Cry win I Fall*, Fi'lch 
>l<*intnLn. M( unDiliiiM*. - 
Ml«iil|>k*»t»'ii ilMrict. origin <>f iti>u nrv* in. jH. 
Millliiif nt Fiiyml mim- lUtvrilwil. m 2Sl. 

vi» w (it. '- W -M 

Mln** iStt A'lftni*. ,Ktnn, Afiuw, An-dtriL" Auktini, 
linmklk. Hurt. fflUtun. rhk-«K". t'hMmtm, Cincin- 
nati. Chirk, Col inn km, Cntninmkirr, CnrJr*. Cn.xtoii. 
|k*y. ltunnrn. Imln'h, V.Wm, Kwyu.). Krmiklin. <:*'ti->». 
Ok' i ill, Grunt. <trv»l Wibirrn. Unit'. HunkjiLi Hull 
Jordan. Knnnwhit. KiiuV-rly, Luke Suj*nnr nit in* 
Lunrn Ijii'tiiniii, l.tnoihi, Ijnntryt-nr y\n i\**ii\utc. 
Mtiltji. Xinii" vtii*. Mltiori K. M-n.-i. Mmmuh. Mt**+ 
Moiitilolu Itoti, Nortmiii. *»liki. iijiv».r, I'jukk-* k - *, 
IVurcv, I'rmdfirnt iMti: l'i]]^kur> , |ti«lMTtf, KhihIi- 
linn, s«M!Hry AljN-nn, wi-uHij, s* lU :». >hnr«ML 
>l*xtu, ^l•^u^■^^ >W *\v\: iw.oi. L'tjii'h, I'tim, 

Victnrw. Virtfinta Willi«tii«. Wllh Wyoming- 1 

>1ln*>, Ti-f -t *lii[t|»tn«. - h j<i 

Mltlliur IMfthiiils li- f.!-^: ^■■W TlU ll. '.NWJ\i. 

MinmwtA irv.ti i n.', pri< *>i. IfiiL 
r«.-« rvi t'uiiw »if, ill. 
>l(ii'tiiont" ->v> 

MilLHrMitU Tl\ t!7 HtL-kii n(. 11. Vj. IilL 

Mlnm«MA sunt}-, Fiiuil K^f^rl *-f, Jlfl, 
uiai>f< rrkTrnl l->, ki, ^1 til 
i vt SVitu hell, Omiit. t"|.h;Mi». Elftriuin Spurt. | 

Mi:i"ri ii liiiii**, imnly**-* of mm nr»- fn»iu, '2W. 
uulllhfr in, Jill 



M1ii<m n mm*', t-hijimeiit frritn Jv^ 

iriiii-(»'rtiitli'n <if imn orv. '*>■'' 

u:uU nrncuiil uiitiinj; Lu, il 
\h**ft»* Mt'inittiin tntiu . li. 1L 
Mi^b^ipi-I mid N^HlnTTi Ks-Uwiiy. 
Miv*i**i]<[.| Klvt-r. 'Jl , m 

Kev vuitih M^tlni* nt* t>l, 

mk *i-^- bi"l-*m. jl 

i|iiitrtriti- i<ti y- 
Mi***'i»rl rin>- urt'*. <v*ni|;»ii.*nn nitli di vi-lnpiiiriit of cr«-t*n 

iillU 1 JiiiO rnrlftriKtv, , - J ' 
Mi MUM' uilui*. luiintrtititne ^' 
Mmm I nn t mini l'Iim uii nr.iriit of, ill 
Mor.ilii*-. lTii*i a «!T 1Kb, ii li f J. 

Mv-Hhi or 11th, 
Mftrnwm 4'ouiity, I^«w*t KtTurntin nt. ^ 

mlrti-M-liUtn In, jtL 
Mormu* ciIiil' uiliil> w uf iruu ore** fmut. 'ilL. 

titillitiK In. •-Vi' 

hhipntrnr frnni, 'i*L 

tnm^i«>rtiilIon uf itrii on*. 2>5 
Mom mini-, *\ivW lu R1w»1m1; forniatkm, «unly»i* uf. Ut, lil 

MoUnhitii In-li miiu-. nintlv-t* nf Ir-rti utf*. ^>iu, 2iA '^if> 
imiilyMiiof ft'rniifini'ti- »lnh> from, U<, Hi ';*]«rliin;n 
■i:*in , , 

niJti1> ■*.*« n! i^iint r^k frnni, Ht*. w* 
ri)ni[uat<Min ofKni'lv* in, "2 is. 

df vt'lijpnii'tit of iron on* from <«rU>unit'. 

ml HI |7v Ztl 
dln-i-vi-rv »if ln«n r-rr In. ^fc. Jii 
ilmliiiiifvf. £il^ai 

f»,tTUKiti"ii> chert oi BlUdbtk funuutSon. r/.ntt* <-f, Lil 

i>IMviiarn 4-Wi>S"i. 
trnidatk<ri of n*m tn (i-rrugtnmo. clu-rr xtL 
municaiK-M.' tti. Jj i. 
luu^m tin* ut-wr XL 
]>lni) of tntck» iiL 
railway t'i'UIHVilnii*, ^i. 

r»xkf iwrth of, ^i^^^Tn J IL2lIl.IV^M.<i, 
xbiptui iit fpitu. J'iT, jss, ->Nfi 

*Lotr in ]llHtil>ik fi>ruuitiou, iitialj u^ nf. Hi. Ill i»tw'i i- 

•tteuiu *li-ivrl iiktiitiiir In, JS>. 
i*'xtnrt* of Irxm or\' In. '*•'» 
tnui<(M rtulinti of imti <m \ '.■>-> 
vk w oi •»>. 

vie «■> of otiitflf I of iron "rv w Hit wall rot k. " - ' 
WJltrr Hi, -'I'J- -MV !?;*<■. 

Murray r» fi mil tt» 242. w. 'i'>4. :tm. y.vj. 
Viw^vnillii', ii^niiiikiii with IVMiil'lc «i'»iri£lif. 

n»i- of ti-rtii . ii. 
Mn'krjti IjiLi , ItUifinik foniiiitlnii nmr. H. 
S*A<>1tuiuik i"nti. Arv k< iin r» »i- kj- north of, a± 
S*''.«>n River, 21 li. 

NV-u ffniri^u irk, St. .'oliu* Kioun of, tTjuiviiii-TUt to inm 

■ ■( 1 

New Kuiftaii'l (. lt> , C I ui It.-ii Iron urt* from, phnininlcmifr^iihti 

of, JjlL 
N«w Kti^lnri'l nun*-, LL 
Ni'Uiumi. linlLhU'iltit-ii to. Li. 
New 1'lin, I'urkwTin^i riiiiKlnriuTatc ut 

t|niiri)!itt in. »»»ii,'nmi ij', ti> I'ot^lKin, il_ 
NVw York, )iUotojnit n«iuj'!ih of Clinton iron >ir«- fr<'in, J c. 
Nk hoi* J A.. r\ trrml to. 
Nuolk-t. .1 \ r.-fi.Triil to, 

"tuuinitr^ nf liltTAtiiN'. XL 
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Norlnlca Hi Rlnrnhlk formation. laz. 

In Iron-on. ilrpualK iSSk. 

hi Virginia «lal<\ IK? 
S»rni*n mine, milling In. 2e£. 

phiaplnmii In htiM an-l soft lmn on-i of. 220. 

»hipmcnt fmin. -**C- , - > v« 

U'Xttirr of iron on- in. -"-'J 
Xoraoiil J. <i.. n fi rri'il to. iL 

mtnmary nf lln-raiim. ILL 
OrlKf. vi'llou-. i Vf 1,1 until 1 1*\ i 

ojtisbkr formation, tiiulvali'iici* to Uiwi-t Ilnrontau, ^2. 

i.^r lAkrORiubkr. i 
Ohio mine. 1L 

llllpllli.-1lt fpita, '217-'.5<1. 
likvraHtn, i.nthliro tuiir. 'JL. 

i v. Alien Jnni'lliHi). 
oil-ill. \V J.. iiHltUltllllt™ I". JH 
Ohv»T niinr, anilly.i* of iron nn-s from. '.'IS L'lri. 

rr.'tinnm* rrwk* in, l v* 
hi. I7v .v/i -2J&. 

faullinir In. -Mil 

fvmliilr.oii. i lirrl, analyiU of, Jit npi i imeti MW. 

Umunllt' lu. .in 

miinsmtu^' in . jj.'. ill. 

UimIi^i-i In Hlwablk formation, 1*7 

pho»phorii>< In lliiionlw>. '.T'i 

ihipmi-nt from, 'Jy.T 

ilnn-turnl relation* -if Iran on+ ilcptwit*. '.VT. ^a. 

•>tinin-«lioi*.| mining I" 

irunyportation of iron on-*, ^sj. 

view nf null rock ihnwiiijr jollllinc, ^1. 

vli'UMif. "n 

Olivine in 11411m t n«li> .■( icxblini. ULiL : JL HH- 

In tnilnth uaHlipi, na 
Ontario. w»'*ii-n». lorreUtlojt of Keen-jitln. 41, jjL 
Onlltle itnirturi' In f.lluloti Ipm ore». pliotoinleroicrnphiof, 

r«i. 

In Me»aM Iron i»n-», Jja. 
ophltle n-xture in i1nlfrlui>. M 

Original llurotiiiui be*!*, <i>rrfInllH4i with Aitlmiali' iiml 

rptier Hnnmbin. JT '1L. 
Onrnnli 1 matter In fi'mitrtnoii* rliert*. LUi. 

In lmn ore lun. 
Pml.lmk'. mine. ±1 

Paint ni k. Id; ilwrllwl. H». plate of. LU.!«ptTiim-ti4.'V5«7!. 
•Item! Inn Irraii ilale. 16» 31 
anal;«e» of, iw-i.'i) , -penmen- mail, 4.ViiU, iVH'.i 
eoiup>«lll<4i of. lW-l'il iKj—olmi'lu 40Se-l, 40691. Mi, 

m. 

effect ot ftowwci' of water, ■va.'iui 

relatiutii to Iron-ore oVpmiu, £», X3, 
paleozoic nliM'tmi of. In Mewbl rtbartti. 
PartrioVc Itlur ,2L 

Ptmn-e nitric, analy**-* of Iumi orv« Irom. 

9*lilpnu>nt fn4D. '.'mi. 

trAiujiorlatioii "f Inin «rw. '^s 

uii'liTKruiiiKl mlnlnK In. 'ISi. 
Pifmiitltli- "lik» In U'Wvr llnronlnn ersnite. 22. 
Keniilm'ot mini-, nltcntinn uf nIaIv to |mint rork, l-l'J. •-'hj 

nualfwii of Iron «rw Irom. IV- 

ilmiiuiiri- of. 

fvmifrtnoiiN i-hrrt. analy*i» of. ''"' i*' t«prrimt'ii Wi. 
frrtuirlfioui- nbli' of ninnl'lk formation, |i)ati- of, lii 

I ipcr itnt'lin J-Vitl'.'. 4-ViW I . 

paint riN-k of Hmiitjtk formation. «iial>ib of, llikl'il 

i>|«clinvn 4.SV/I i 
Bbii'iiiLiit from. "'■'-"«» 

alatc In Hiwaluk fonuutloii, Uiu anaJyiii ol, lli-lfi 
i'twlmcn «V#1 |ilmo nf, Lii(«i4'<'liii«n IUM> lit 



Fi-nnh«cot mine. tran«portatlon of iron onu. 2Si 

ilii'liTitrnnlnl mliilnic in. 
IVlw>ki'i--t»oKi l4r. V- Cli^i'Mi*, !> 
rmilntUi-nf Arrliciin ilescrlopfl, (ML 
IVrkniiv of An Ihiiu. iifi. 
I'Hiit Tjiliir, jilitpmrnt from, 

tranqiortaiUiii of iron oro«, 2*4. 

iinilmtrotiml mloiux In. 
PiM»«l>(r i|uaniiU', 32. d ii 1L iL 52. £L AO. 

v. 1'i.ki Kama ijiiarulte.) 
ttvfMphoni*. ■i.ini'nrlhon in banl anil m>ft lmn «rc«. '^n 

'li-liTUilniillon in ilrill aampln. arat-.tn 

In it-mi|?lnniiK chert, t jii 

in hi mntiti', 

In Inm-ori' <lij»i«tii, -'it jio lmh »tj 

in limoiilti', in 

in imlnt rf» k. -nx 

prvi-lptlalt'il liy altnnilla. 

xilulillity of, 

Monri oi. '.tj 

Ulllllinly of. JA 
like llilpl.lv Ij.ni-r Kiwalln ol. kL 
Pike /. M . n-f. rnil to. ^ 

Minniiiiry ol rtiM.rt l.y. 1L 
Pike Kivi r. iL 

icmniti ol, jil 
plllnlinry mini', nlnitin"" of iron >irv» frinn. 'nit. 

iK pth of. liim 

Kliipni. in fruni. .'h.. 

tninKporiiitlnii of iron ore*. 

limlrrKr-xtnil mining in. -f-? 
Pini' I'ounty, Hlm-kli y ^irKl>|on*' of, jl. 
Plni'of Miml>l ili'ir1ci,2i 

PIl-'MoiK' I'oimtj . i^uaitziit- In, amfcifninmi p. PntMam.fiL 

I'ipmtriiM' ItapiiU, l^iwiT Ki-wntln (>t, LS. 

I*l*ani. itnaiy-ii. Iiy. '.'11 

I'll. Ii of In.ii-oir ili'i«~ll». 'Nr-'Hut 

Pli-UtfH'i-ni'. V. liluriai uV|mmh*. I 

^•kimi'iia r«i:>. .17 . jmhi , ?.'. \m 
Mtiy itpionr. ou.a^iiLii-ja. 

strln- lit. r±L 

IV>kt'Knn> '|iii.rnlN' «li>i rlh. 'l. v> ao-W: mmmary of. 11. 
ai i irul'le 1>> t \ploration.£!S. 
at l'okt'iriitna Falli.al, 
n^ri'Ulliwi of. £1* 
<lt'l««ltion "f.UkL 

inmu-tin' on uatt-r i?in-ulaiii in. .'■>■. J^L 

ini'iamorphi^m ol.H. 

iwiir Altkcu. Minn -fO 

lu-ur Klmlt-rly. Minn itm-Liu 

rflailon* t.. troii'iire <Iitio*U». "JJT jan.?> 

prllltillll* to otlur fl*!!!*!!..!!".!^..^^,^!^!^ 

thlc knew of.!iia.l4U. 

i-v. I'l-watilr i|Uartxltivi 
Purpbjrrlr' of Vvrmllion ill-trM.fcja. 
porfibyritir rhyoliti' of Arclnaii ilt'vrilMtl.^slilL 

of Ij.ucr lliimnlan ilcM ntHil.Ia^L 
PoUish in iflam oiilie. IT. 3i;i, .17 2^. 

in irrtf nullh-.JIfl, 217. 
^•tuliiin |onniitl44i. n'fi'rrm^' of pokt'trama quaPUik' to. 3a. 
IVil^Uln. iln-of term, jl. 
I'mirii- Rlvt-r. ii, ii 1H3 

ITattif Klv. r F»!l«, <-nrly i-xplort-rn on, SI 37, Si 

n«-k- »t. 12. 2i EL in. 

• ki-li'h of. aL 

itria at, 1HL 
PriHliK tlon. in. snlpmcnn 1 
I'urkuUllK* rvitlKlolnemli*. .ig. 
Pyrili-*. i .vr trijii pyritr*. i 
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Pvri.huio in ir«.n-or<» «li?jtci«ii*. 21 1 , LLL 
Uuart2-tfMlU"*chl«t Antmttilc, li. 
<4u*nx, LMilitrjrr-UK-ut uf. c fti_ 

In imn-orr il<'|«i-it*>, -'1 i 
gu«r(i-«Jii'> of PokrKHiim f«mi»il.in ri'lntlrmn K> miwlvt 

I|ll«.-t7i[. , in, 

QM»rU)C.'. Hiunl.iL i!<-«rnU.I i.M-i.v* «|^luifu» 

4IW.Y.. HH, ±Y«j. ■!.•*<>". +V>T. 4.-.7M. «n, MRU, 
iwrjfi. tare) l«*SJ liXIH. -IrMTwi . 
fiik.icttiiui. iti-H'ritH'il. W-W 
i v Ilmnl.i. niuiniln, I'l.Lcnumji qii»rtiit«\; 
Quaruiti-. I ..ktmiuii. IVvtabh-, B*rnb>«i, Ohlpnewa. 

Knll*. lum-ii ('unity. ?-i"tix, Kmlh Dalu.Ca.1 
R»il»ny«..r M.-q.l>1 clWrcl.2, 2a. 

.Sr*- itri'tit Napilu-m ICailwiiy. Eastern ItAlluny of >Hn- 
lu-^'tA. Imlulh an.i Iron Itntik'*- Railway, l«'jluth. 
MIxMitH- mni Snnln-n lullway. Iiuluth urn) Wla- 
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